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PREFACE 


This  report  describes  the  research  and  findings  of  a  study  on 
Department  of  Defense  (DoD)  policy  on  commercial  space  launch 
services.  This  research  was  conducted  for  the  former  Office  of  the 
Director  of  Defense  Research  and  Engineering  (now,  principal 
Deputy  Under  Secretary  of  Defense  for  Acquisition),  and  the  overall 
technical  cognizance  was  provided  by  the  office  of  Dr.  Oeorge 
Schneiter,  Deputy  Director  of  Defense  Research  and  Engineering 
(Strategic  and  Theater  Nuclear  Forces)  |DUSD(S&TNF)i.  In  DoD 
Directive  3230.3  of  October  1986,  the  DUSD(S&TNF)  was  given  "the 
primary  responsibility  for  providing  DoD  coordination  to  the  Do  T 
[Department  of  Transportation]  on  matters  arising  from  the  com¬ 
mercial  operations  of  expendable  launch  vehicles  (F.LV's)  that  affect 
national  security  interests  of  the  United  States."  Moreover,  the 
DUSD(S&TNF)  is  to  receive  from  heads  of  DoD  components  reports 
on  “those  national  security  interests  of  the  United  States  that  may  be 
affected  by  proposed  commercial  space  launch  activities.” 

This  study  assists  the  DUSD(S&TNF),  as  well  as  the  Department  of 
Defense,  in  developing  guidelines  for  using  and  strengthening  com¬ 
mercial  space  launch  services. 

With  minor  exceptions,  the  data  cutoff  date  was  July  1992,  immedi¬ 
ately  prior  to  the  presentation  of  the  final  briefing  to  the  sponsor  and 
representatives  from  the  space  launch  community  of  the  Air  Force, 
Navy,  joint  Staff,  and  the  Office  of  the  Secretary  of  Defense. 

This  research  was  conducted  within  the  Applied  Science  and 
Technology  Program  of  RAND's  National  Defense  Research  Institute, 
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a  federally  funded  research  and  development  center  sponsored  by 
the  Office  of  the  Secretary  of  Defense  and  the  Joint  Staff. 
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SUMMARY 


KEY  RECOMMENDATIONS 

The  findings  and  recommendations  of  this  studv  fall  into  two  groups. 
Department  of  Defense  (DoD)  space  launch  procurcmenl  and  Dol) 
steps  to  strengthen  U.S.  launch  competitiveness.  Our  analytic  results 
support  the  choices  that  the  Air  Force  and  the  Nav>'  have  made  since 
1985  in  the  methods  of  procuring  launch  services  and  in  the  degree 
of  government  oversight  stipulated  in  these  launch  contracts.  We 
further  found  that  the  Air  Force's  upcoming  Medium  Launch 
Vehicle-3  (MLV-3)  procurement  is  DoD's  most  suitable  major  pro¬ 
gram  to  be  procured  with  commercial  practices  over  the  next  ten 
years.  Aie  recommend  that  the  MLV-3  Request  For  Proposal  (RFlb 
include  commercial  launches  as  an  option  and  that  the  Air  Force 
consider  this  option.  To  help  strengthen  launch  competitiveness,  we 
recommend  that  DoD  concentrate  its  new  launcher  development  on 
the  most  commercially  relevant  (MCR)  range,  which  is  the  capability 
to  lift  10,000  to  50,000  lb  of  payload  into  low  earth  orbits  (LFT)s). 


BACKGROUND  AND  STUDY  OBJECTIVE 

Historically,  the  Air  Force  and  the  National  Aeronautics  and  Space 
Administration  (NA.SA)  have  controlled  space  launches  in  the  United 
States.  After  the  lanuary  1986  Challenger  accident  revealed  the  dan¬ 
ger  of  heavy  reliance  on  space  shuttles,  both  national  and  DoD  space 
policies  were  changed.  The  new  policies  direct  DoD  to  purchase 
commercially  available  space  goods  and  .services  to  the  fullest  extent 
feasible,  provided  national  security  requirements  are  met.  In  August 
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1989,  the  U.S.  commercial  launch  industrv'  provided  launch  services 
for  the  first  time  on  its  own  to  a  satellite  owmer.  Purthermore.  the 
National  Space  Policy  Directive  of  September  1990  called  for  Kf'v- 
ernment  agencies,  including  DoD,  to  support  commercial  launch 
needs.  Now  that  commercial  launch  serences  are  available,  what 
should  the  position  of  the  governmeni  be  with  respect  to  monitoring 
and  controlling  the  manufacture  and  launch  of  space  vehiclesV 

This  study's  objective  is  to  assist  Do!)  in  developing  guidelines  that 
both  comply  with  the  space  policy  directives  and  foster  a  liealthy 
commercial  launch  industry'.  The  latter,  in  turn,  would  lielp  Do!) 
achieve  assured  and  affordable  access  to  space  ove  a  wide  spet  trum 
of  military  commitments  in  the  new  strategic  environment.  The 
White  House  and  federal  agencies  have  been  planning  a  major  o\  er- 
haul  of  the  way  in  which  the  U.S.  governmeni  procures  space  h.ird- 
ware.  This  report  should  prove  useful  to  that  effort. 

To  facilitate  discussion,  we  introduce  our  classification  of  launch 
procurement  conf  '  cts.  There  arc  three  types: 

•  Government  Launches  (GL).  Traditional  procurement.  Purchase 
launch  hardware.  Cost-plus  or  rost-plus-like  contract  .and  e\ 
tensive  government  control  and  oversight  of  launcher  manufac¬ 
turing  and  launch  processing.  Government  makes  fiit;il  decision 
on  launching. 

•  Commercial  Launches  (CL).  Department  of  Transporiaiiftn 
(DoT)  license  required.  Purchase  launch  ser\’ices.  l-ixed-pru  e 
type  contract  and  little  government  control  and  monitoring  r-x- 
cept  for  launch  range  safety.  (Contractor  makes  final  decision  on 
launching. 

•  Commercial-Like  iaiunches  ((CLL).  DoT  license  not  required. 
Purchase  launch  hardware  or  services,  fixed-price  type  contract. 
The  level  of  government  control  and  monitoring  lies  between 
those  of  Cl-  and  C,L.  C  )vernmeni  makes  final  decision  on 
launching. 

There  are  three  recurring  i.ssues  in  the  study: 

•  How  should  DoD  decide  which  procurement  type  (CL,  C.L,  or 
CLL)  is  most  appropriate  for  a  particular  DoD  s,'>"'llit?  or  lanrit  h 
program? 
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•  How  can  DoD  lower  its  launch  cost  regardless  of  the  procure¬ 
ment  method  used? 

•  How  can  DoD  help  to  enhance  the  competitiveness  of  the  U.S, 
launch  industry? 

DoD  SPACE  LAUNCH  PROCUREMENT 

Since  government  launches  account  for  two-thirds  of  the  U.S. 
expendable  launch  %-ehicle  (ELVO  business,  many  production  and 
quality-control  practices  the  government  requires  have  been  used 
for  commercial  customers  as  well.  In  other  words,  governmeiu  re¬ 
quirements,  if  they  are  cumbersome  and  expensive,  would  increase 
the  cost  of  doing  business  even  with  the  commercial  customers  and 
lower  the  competitiveness  of  the  launch  industry. 

Comparison  of  Reliability  Records 

There  is  a  view  in  some  government  agencies  that  Gl,.s  are  preferable, 
because  CLs  or  even  CLLs  are  not  as  reliable.  We  found,  however, 
that  the  launch  data  do  not  show,  with  high  statistical  confidence, 
that  different  procurement  types  result  In  different  launch  reliabili¬ 
ties.  The  average  reliability  of  Cl.s  for  expendable  launch  vehicles  in 
the  Delta/Atlas/Titan  classes  as  of  )uly  7,  1992,  is  89  percent.  With  a 
95  percent  confidence  level,  the  reliability  could  be  as  low  as  70  per¬ 
cent  or  as  high  as  98  percent.  For  GLs  since  1970.  the  average  relia¬ 
bility  is  93  percent,  with  a  range  from  90  percent  to  96  percent  at  the 
same  confidence  level.  Whereas  the  average  reliability  of  CLs  is  be¬ 
low  that  of  GLs,  the  CL  range  blankets  the  GL  range.  As  of  luly  7, 
1992,  there  had  been  17  succes,sful  launches  out  of  17  CLLs.  The  reli¬ 
ability  1  .:ge  at  a  95  percent  confidence  level  is  84  percent  to  100  per¬ 
cent.  Again,  the  range  overlaps  with  both  ranges  of  GLs  and  CLs. 
Therefore,  the  reliabilities  of  GLs.  CLLs,  and  CLs  cannot  be  consid¬ 
ered  statistically  different  with  95  percent  confidence. 

Encouraging  Commercialization  by  Reducing  a  Manager’s 
Worries 

In  this  report,  launch  commercialization  refers  to  the  use  of  com¬ 
mercial  procurement  by  the  1J..S.  government  in  obtaining  launch 
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services.  It  does  not  mean  that  the  U.S.  government  will  cease  pro¬ 
viding  support  to  launch  research,  development,  and  infrastructure 
since  every  launch  industry  in  the  world  receives  such  support  from 
its  government.  There  is  justifiable  concern  that  the  short  CL  record 
contains  large  uncertainties  in  CLs’  true  reliability.  Consequently, 
many  DoD  satellite  and  launch  managers  do  not  wish  to  reduce  gov¬ 
ernment  oversight  by  using  CLs,  thus  slowing  the  pace  of  launch 
commercialization.  When  the  DoD  makes  future  comparative  analy¬ 
ses  to  select  a  procurement  type,  we  propose  that,  in  the  CL  pro¬ 
curement  option,  a  satellite /launcher  backup  be  added  at  the  launch 
site  to  reduce  delay  resulting  from  a  launch  failure.'  If  a  CL  pro¬ 
curement,  including  the  backup  cost,  is  still  cheaper  than  a  GL  or 
CLL  without  a  backup,  CL  should  be  considered.  If  a  backup  were 
found  unnecessary,  a  CL  procurement  would  be  even  cheaper. 
Furthermore,  we  recommend  DoD  systematically  consider  the  in¬ 
clusion  of  launch  insurance  on  launchers  and  satellites  in  the  launch 
contract.  Buying  insurance  can  lessen  a  government  manager's 
worry  about  monetary  loss  after  a  launch  failure.  At  the  same  time, 
insurance  does  not  have  to  reduce  a  contractor’s  incentive  to  ensure 
launch  reliability.  If  his  launches  fail,  his  premium  will  go  up,  or  he 
might  no  longer  be  able  to  obtain  insurance  coverage. 

Deletion  of  Undesirable  Contract  Features 

An  examination  of  existing  DoD  launch  contracts  revealed  several 
provisions  that  increase  cost  or  reduce  competitiveness.  The  use  of  a 
Fixed-Price  Incentive,  Firm  Target  (FPIF)  contract  in  MLV-1  and  -2 
has  resulted  in  some  unnecessary  monitoring  costs.  The  use  of  two 
prices,  target  and  ceiling,  has  forced  the  government  to  monitor 
costs  and  the  contractor  to  provide  cost  data  and  to  explain  cost  vari¬ 
ances.  Had  a  contract  with  a  single  fixed  price  been  used,  cost  moni¬ 
toring  would  have  been  unnecessary,  because  the  government  would 
pay  the  same  price  regardless  of  actual  cost.  Another  cost-saving 
measure  would  be  the  making  of  progress  payments  based  on  the 
passage  of  time,  instead  of  the  portion  of  work  accomplished.  The 


*A  satellite  and  an  unassembled  launcher  are  stored  at  launch  site  facilities.  In  the 
event  of  a  launch  failure,  the  Air  Force  has  the  option  to  request  the  backup  launch 
either  before  or  after  the  post-failure  investigation  is  complete. 
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latter  requires  certification  and  documentation  and  in  a  fixed-price 
contract  would  not  be  necessary.  Finally,  the  typical  price  certifica¬ 
tion  clause,  which  is  meant  to  let  the  government  benefit  from  future 
lower  prices  charged  to  other  customers,  might  preclude  a  contractor 
from  meeting  the  competition  by  lowering  the  price.  If  the  bids  are 
competitive,  the  government  need  not  restrict  a  contractor’s  pricing 
flexibility  in  the  future. 

A  Model  to  Help  Decide  Whether  to  Go  Commercial 

We  developed  a  model  for  selecting  a  launch  procurement  t>pe.  The 
key  determinants  are  satellite  cost,  launcher  cost,  number  of  satel¬ 
lites  in  the  program,  launch  reliabilities  of  various  procurement 
types,  insurance  coverage,  and  potential  savings  in  using  CLs. 
Applying  the  model  to  existing  launch  programs,  we  found  that  our 
results  are  consistent  with  the  Air  Force's  choice  of  GL  for  the  Titan 
IV  launch  of  Defense  Support  Program  Block  IV  Satellites  (DSP-BL 
IV).  The  Air  Force  used  a  CLL  procurement  for  the  MLV-1.  In  retro¬ 
spect,  the  Air  Force  could  have  saved  money  by  using  a  CL,  because 
Delta’s  CL  and  CLL  records  have  been  just  as  good  (1 1  out  of  1 1  and 
15  out  of  15,  respectively),  and  CL  would  have  a  lower  cost  because  of 
less  government  oversight  and  contractor  compliance.  On  the  other 
hand,  the  MLV-1  contract  was  awarded  in  1987,  well  before  the  first 
commercial  launch  in  1989.  At  the  time  of  the  decision,  the  lack  of  a 
CL  record  made  the  choice  of  a  CLL  procurement  for  MLV-1  reason¬ 
able.  We  also  found  the  Air  Force’s  CLL  procurement  for  MLV-2  and 
the  Navy’s  CL  procurement  for  Ultra-High  Frequency  (UHF)  follow- 
ons  to  be  understandable. 


Factors  for  Deciding  Whether  to  Go  Commercial 

DoD  can  use  the  following  set  of  questions  to  evaluate  whether  a 
particular  DoD  launch  program  should  be  procured  commercially 
(CL  instead  of  CLL  or  GL): 

•  Does  our  procurement  selection  model  indicate  a  favorable 
break-even  point  for  commercial  launches? 

•  Do  launch  vehicles  need  to  be  modified? 
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•  How  seriously  will  launch  delay  affect  the  timeliness  and  quality 
of  mission  performance? 

•  If  one  decided  to  use  commercial  launches,  would  it  be  feasible 
and  inexpensive  to  switch  to  CLLs  or  GLs  if  necessary,  and  if  so, 
at  what  point? 


Recommending  That  Commercial  Procurement  Be  Included 
as  an  Option  in  MLV-3  RFP 

After  gaining  experience  by  applying  the  model  to  existing  launch 
contracts,  we  applied  it  and  the  above  questions  to  the  important, 
upcoming  MLV-3  contract  for  launching  20  Global  Positioning 
System  (GPS)  follow-on  satellites.  The  RFP  was  issued  on  September 
16,  1992,  and  the  contract  could  be  awarded  by  spring  or  summer  of 
1993.  The  Air  Force  has  incorporated  many  commercial  features  into 
MLV-1  and  -2  and  is  planning  to  procure  MLV-3  in  a  similar  way, 
namely,  CLL.  The  Air  Force  could,  however,  help  commercialization 
even  more  if  MLV-3  were  to  be  procured  commercially  (CL).  The 
commercial  launch  industry  will  benefit  from  the  economies  of  scale 
and  a  longer  reliability  record  associated  with  20  additional  com¬ 
mercial  launches  over  five  years. 

Except  for  small  launchers,  we  found  that  MLV-3  is  the  most  suitable 
program  for  CL  and  a  critical  test  of  launch  commercialization.  If 
commercial  launch  cannot  pass  this  test,  it  is  unlikely  to  pass  any 
other  tests.  Also,  if  the  Air  Force  decided  not  to  pursue  MLV-3  com¬ 
mercially,  the  pace  of  space  launch  commercialization  would  be 
dramatically  slowed. 

The  Air  Force  would  incur  only  a  limited  risk  by  procuring  MLV-3 
commercially.  We  arrived  at  this  conclusion  by  evaluating  the  costs 
and  risks  according  to  the  four  questions  above.  The  procurement 
selection  model  gives  a  favorable  break-even  point  for  CLs.  The  type 
of  launcher  suitable  for  MLV-3  has  a  CL  record  that  could  be  as  good 
as  CLLs  and  GLs.  The  launcher  needs  only  a  modest  upgrade  in  ca¬ 
pacity.  and  the  upgrade  should  not  alter  the  launcher  so  much  that 
the  government  need  worry  about  the  launcher's  reliability.  Even  a 
few  launch  failures  should  not  much  affect  GPS  mission  perfor¬ 
mance.  Before  MLV-3  makes  the  first  launch,  the  full  constellation  of 
GPS  (21  satellites  plus  3  spares)  will  have  been  established.  As  with 
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Other  U.S.  satellites,  they  are  likely  to  last  beyond  their  expected  lives. 
If  launch  failures  delay  the  delivery  of  GPS  follow-ons,  the  current 
GPS  satellites  can  serve  as  substitutes  in  the  interim.  Even  if  the 
combined  GPS  and  GPS  follow-on  constellation  is  incomplete,  the 
system  performance  would  degrade  gracefully.  An  incomplete  con¬ 
stellation  can  perform  two-dimensional  positional  fixing,  and  three- 
dimensional  would  be  available  for  many  hours  each  day. 

Our  regret  analysis  showed  that  if  the  Air  Force  purchases  insurance 
only  on  the  launchets,  as  currently  planned,  the  monetary  losses  re¬ 
sulting  from  worse-than-expected  CL  reliability  before  switching 
back  to  CLLs  would  be  about  $100  to  $180  million  or  9  to  17  percent 
of  the  MLV-3  launch  program  cost.  This  is  a  sizable  sum,  but  tolera¬ 
ble.  This  cost  should  be  considered  as  the  cost  of  attempting  a  large- 
scale  launch  commercialization  by  the  U.S.  government  as  a  whole, 
not  just  the  Air  Force.  The  government  should  reimburse  the  Air 
Force  for  a  portion,  if  not  all,  of  the  loss.  On  the  other  hand,  if  the  CL 
reliability  turns  out  to  be  as  good  as  the  CLL  reliability,  the  Air  Force 
can  save  $130  to  $250  million  or  12  to  24  percent  of  the  launch  cost. 
Whether  this  savings  can  be  realized  is,  however,  uncertain:  it  can  be 
determined  by  requesting  such  information  from  the  bidders  of  the 
MLV-3.  The  savings  are  probably  not  as  important  as  a  major  suc¬ 
cessful  attempt  for  commercialization,  which,  (i)  the  DoD  and  the 
National  Space  Policy  Directive  have  repeatedly  urged,  (ii)  could 
make  our  launch  industry  more  competitive,  and  (iii)  could  lead  to 
more  launch  savings  to  DoD  in  the  long  run. 

On  the  other  hand,  if  the  Air  Force  were  also  to  purchase  launch  in¬ 
surance  on  satellites  for  MLV-3,  the  $180  million  loss  would  be  re¬ 
covered.  The  Air  Force  might  have  to  pay  an  extra  insurance  fee  of 
$50  million,  which  is  over  and  above  the  expected  cost  of  launch  fail¬ 
ures.  The  net  savings  to  the  Air  Force  could  still  be  from  $80  to  $200 
million  if  CLs  turn  out  to  be  as  reliable  as  CLLs.  On  the  other  hand, 
the  delay  due  to  a  switch-back  could  still  be  as  long  as  two  years. 
Short  of  recommending  CLs  for  MLV-3  outright,  vve  suggest  that  the 
MLV-3  RFP  contain  CL  and  CLL  options  as  well  as  different  contrac¬ 
tor  liability  options,  because  the  Air  Force  will  need  the  pricing  data 
to  ascertain  whether  CL  can  have  cost  savings  and  whether  the  fi¬ 
nancial  impact  of  launch  failures  on  the  government  can  be  limited. 

The  findings  in  this  report  have  been  communicated  to  the  Air  Force. 
While  it  finds  no  objection  to  some  of  our  recommendations,  the  Air 
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Force  has  decided  not  to  adopt  our  recommendation  of  including 
commercial  launch  as  an  option  in  the  RFP.  At  this  stage,  unless  the 
new  Administration  believes  our  suggestion  has  merit  and  the  RFP 
should  be  modified,  it  is  unlikely  that  MLV-3  will  be  procured  com¬ 
mercially. 


Pace  of  Launch  Commercialization 

To  us,  the  key  question  is  not  what  is  usually  formulated  in  the  de¬ 
bate:  full  commercialization  now  versus  no  more  commercialization 
ever.  In  view  of  the  commercial  launch  record  thus  far  and  of  the 
valid  concerns  many  planners  have  about  national  security,  we  con¬ 
sider  an  evolutionary  approach  to  space  launch  commercialization 
to  be  both  feasible  and  desirable.  Moreover,  regardless  of  the  pace, 
there  should  always  be  room  for  a  few  payload  launches  to  be  pro¬ 
cured  differently.  There  is  already  a  consensus  within  the  space 
community  that  small  launchers  can  be  procured  commercially.  We 
now  recommend  that  commercial  procurement  be  seriously  con¬ 
sidered  for  MLV-3.  On  the  other  hand.  Titan  IVs  are  not  yet  ready  for 
commercial  procurement.  Wliether  they  should  be  commercially 
procured  in  the  future  depends  on  the  commercial  reliability  record 
of  Titan  Ills  and  on  how  well  the  commercialization  of  medium-lift 
launchers,  such  as  Deltas  and  Atlases,  fares. 


DoD  STEPS  TO  STRENGTHEN  U.S.  LAUNCH 
COMPETITIVENESS 


A  Justification  for  Subsidies 

The  statement  that  “the  United  States  will  pursue  its  commercial 
space  objectives  without  the  use  of  direct  Federal  subsidies."  both  in 
the  November  1989  National  Space  Policy  and  the  February  1991 
Commercial  Space  Policy  Guidelines,  should  be  deemphasized  in 
future  directives.  The  statement  has  been  used  by  the  Congress  and 
the  Administration  in  various  launch  project  debates.  The  distinc¬ 
tion  between  direct  and  indirect  subsidies  is  artificial.  The  debates 
on  direct  or  indirect  subsidies  can  divert  the  attention  from  the  key 
issue — namely,  whether  the  proposed  subsidies  are  beneficial  to  the 
United  States.  A  justification  for  .subsidies  can  be  based  on  the  sim- 
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pie  fact  that  launch  industries  in  all  countries  have  long  been  subsi¬ 
dized  by  their  governments.  The  United  States  should  not  be  the 
sole  exception.  The  United  States  should,  however,  be  willing  to 
work  with  other  countries  to  reduce  and  eventually  eliminate  launch 
subsidies  to  attain  the  long-term  goal  of  “a  free  and  fair  market  in 
which  U.S.  industry  can  compete,”  as  stipulated  in  the  National 
Space  Policy  Directive  of  September  5,  1990,  on  commercial  space 
launch  policy. 


Changes  in  DoD  Launch  Demand 

The  most  significant  change  in  DoD  launch  demand  in  the  pasi  sev¬ 
eral  years  has  been  in  the  very-heavy-lift  launch  vehicle  (VHLLV) 
class  (above  50,000  lb  of  payload  to  low  earth  orbits  [LEO]).  Without 
the  heavy  Strategic  Defense  Initiative  (SDl)  platforms  anticipated  in 
the  past,  we  found  that  most  DoD  payloads  projected  for  the  next 
twenty  or  thirty  years  can  be  delivered  by  the  existing  Titan  IVs  with 
upgraded  solid-rocket  motors,  such  as  the  solid-rocket  motor  up¬ 
grade  (SRMU)  currently  under  development.  DoD’s  demand  for 
VHLLVs  could  be  very  low,  whereas  NASA's  would  be  much  higher. 
This  key  difference  requires  significant  compromise  in  the  optimiza¬ 
tion  of  engine  and  other  designs  for  a  joint  Air  Force/NASA  launch 
program. 


Launch  Developmental  Program  Must  Cover  Medium-Lift 
Vehicles  (10,000-30,000  lb  to  LEOs) 

We  consider  that  the  most  commercially  relevant  (MCR)  range  is  the 
capability  to  lift  10,000  to  50,000  lb  of  payload  into  LEOs  or  2000  to 
10,000  lb  into  geosynchronous  orbits  (GSOs).  Since  commercial 
competitiveness  is  a  key  goal  of  U.S.  technology  development  efforts, 
the  program  should  help  to  improve  existing  vehicles  and  to  develop 
a  family  of  new  vehicles  in  the  MCR  range.  Our  greatest  concern  is 
that  any  new  National  Launch  System  (NLS)  family  of  vehicles  might 
have  a  lower  capacity  bound  at  30,000  lb  for  LEOs  or  6000  lb  to  GSOs 
and  thus  miss  a  significant  lower  portion  of  the  MCR  range, 
launchers  in  the  10,000-  to  30,000-lb  range  deliver  many  important 
commercial  communications,  as  well  as  military  and  civil,  satellites 
(2000  to  6000  Ib)  to  GSOs.  Without  government  financial  and  other 
supports  to  improve  and  eventually  replace  vehicles  in  the  MCt< 
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range,  the  U.S.  commercial  launch  industry  will  suffer  greatly  and 
possibly  disappear,  as  competition  is  intensified  by  foreign,  low- 
price  launch  providers  and  newer  launchers. 

Government  Support  Needed  to  Compete  in  Commercial 
Heavy-Lift  Vehicles  (30,000-50,000  lb  to  LEOs) 

Although  Titan  III  can  launch  two  geosynchronous  communications 
satellites  at  a  time,  the  difficulties  of  matching  customers’  payloads 
and  launch  schedule  have  led  Martin  Marietta  to  adopt  a  policy 
dedicating  each  Titan  111  launch  to  a  single  customer.  It  no  longer 
matches  payloads  to  the  same  launcher  for  two  different  customers. 
This  policy,  in  essence,  positions  Titan  HI  launchers  for  a  much 
smaller  market  segment  of  unusually  large  payloads.  Ariane  5. 
beginning  service  by  the  mid-1990s,  is  expected  to  include  dual- 
payload  launches  and  to  have  a  launch  cost  per  pound  that  is  45  per¬ 
cent  lower  than  the  already  highly  competitive  Ariane  4.  With  gov¬ 
ernment  support  for  cost  reduction  and  performance  improvement 
in  existing  vehicles,  the  U.S.  launch  industry  believes  it  can  be  com¬ 
petitive  with  Ariane  5  until  2005,  perhaps  to  2010.  We  believe  that 
the  long-term  solution  is  the  early  development  of  new  vehicles  in 
this  30,000-  to  50,000-lb  lift  class. 


Foreign  Partners  for  Joint  Development  in  V'ery- Heavy- Lift 
Launch  Vehicles  (Above  50,000  lb  to  LEOs) 

This  lift  class  is  particularly  suitable  for  international  joint  develop¬ 
ment.  It  will  mainly  serve  scientific  space  expio  .ion,  as  opposed  to 
commercial,  or  even  military,  purposes.  A  few  future  U.S.  military 
platforms  might  have  to  be  launched  by  VULI.Vs,  but  a  joint  devel¬ 
opment  does  not  preclude  the  United  States  from  doing  so.  On  the 
other  hand,  cost  sharing  in  VHLLV  development  might  leave  ade¬ 
quate  funds  for  the  development  of  a  new  family  of  launch  vehicles 
in  the  important  MCR  lift  range  (10,000  to  50,000  lb).  The  United 
States  should  actively  seek  foreign  participation  in  a  VHLLV  venture. 
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Matching  Funds  for  Improvements  in  Existing  Vehicles 

The  NLS  program  or  any  successor,  as  well  as  other  Air  Force  and 
NASA  programs,  is  likely  to  emphasize  improvements  useful  to  many 
launcher  types.  There  will,  however,  be  improvements  unique  to  a 
specific  launcher  type.  We  recommend  that  matching  funds  be 
made  available  to  individual  launch  providers  for  improvements  of 
their  own  launchers  and  facilities.  The  matching  ratio  remains  to  be 
speciiied.  We  also  agree  with  assessments  that  U.S.  launch  facilities 
are  in  dire  need  of  repair  and  upgrade.  Otherwise,  the  obsolete 
equipment  will  eventually  degrade  launch  reliability,  which  is  a  key 
determinant  in  a  customer's  decision  in  selecting  a  launch  provider. 
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ACRONYMS 


AFSLV 

ALDP 

CDRL 

CIS 

CL 

CLL 

COMSTAC 

CONUS 

CRRES 

C-SCSC 

DMSP 

DoC 

DoT 

DSCSIII 

DSP-BL  IV 

EIFR 

fcLV 

FAR 

FIC 

FLTSATCOM 

FPIF 

GL 

GPS 

GSO 

GTO 

HLLV 

lUS 


Air  Force  small  launch  vehicle 
Advanced  Launch  Development  Program 
Contract  Data  Requirements  List 
Commonwealth  of  Independent  States 
Commercial  Launches 
Commercial-Like  Launches 
Commercial  Space  Transportation  Advisory 
Committee 

Continental  United  States 

Combined  Release  and  Radiation  Effects  Satellite 

Cost/schedule  control  systems  criteria 

Defense  Meteorological  Satellite  Program 

Department  of  Commerce 

Department  of  Transportation 

Defense  Satellite  Communication  Systems  III 

Defense  Support  Program,  Block  IV 

Extra  insurance  premium  rate 

Expendable  launch  vehicle 

Federal  Acquisition  Regulations 

Federal  investigation  cost 

Fleet  satellite  communications 

Fixed-Price  Incentive,  Firm  Target 

Government  L,aunches 

Global  Positioning  System 

Geosynchronous  orbits 

Geotransfer  orbit 

Heavy-lift  launch  vehicle 

Inertial  upper  stage 
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LACE 

Low- Power  Atmospheric  Compensation 
Experiment 

LEGS 

Low  earth  orbits 

MCR 

Most  commercially  relevant 

MLLV 

Medium-lift  launch  vehicle 

MLV 

Medium  launch  vehicle 

MSI 

Mission  success  incentive 

NAS  DA 

National  Space  Development  Agency 

NLS 

National  Launch  System 

NUS 

No  upper  stage 

P31 

Preplanned  product  improvements 

RFP 

Request  for  proposal 

RDT&H 

Research,  development,  test,  and  evaluation 

RME 

Relay  Mirror  Experiment 

SDI 

Strategic  Defense  Initiative 

SDIO 

Strategic  Defense  Initiative  Organization 

SEI 

Space  Exploration  Initiative 

SRMU 

Solid-rocket  motor  upgrade 

SCME 

Space  transportation  main  engine 

STNE 

Strategic  and  theater  nuclear  forces 

TOS 

Transfer  orbit  stage 

UHF 

Ultra  high  frequency 

VHLLV 

Ver\'-heavy-lift  launch  vehicle 

WBS 

Work  breakdown  structure 

_ Chapter  One 

INTRODUCTION 


Traditionally,  the  Air  Force  and  the  National  Aeronantics  and  Space 
Administration  (NASA)  have  had  full  control  of  space  launches  in  the 
United  States.  After  the  (anuar\'  1986  Challenger  accident  revealed 
the  danger  of  heav7  reliance  on  space  shuttles,  both  national  and 
Department  of  Defense  (DoD)  space  policies  were  changed,  Thi> 
new  policies  direct  DoD  to  purchase  commercially  available  space 
goods  and  services  to  the  fullest  extent  feasible,  provided  national 
security  requirements  are  met.  In  August  1989,  the  U  S.  commercial 
•aunch  industry’  provided  launch  services  for  the  First  time  on  its  own 
to  a  satellite  owner.'  Now  that  commercial  launch  services  are 
available,  what  should  the  position  of  the  government  be  with  re¬ 
spect  to  monitoring  and  controlling  the  manufacture  and  launch  of 
space  vehicles?  Furthermore,  the  1991  Commercial  Space  l  aunch 
Policy  called  for  government  agencies,  including  Dol),  to  support 
commercial  launch  needs.*  On  the  other  hand,  both  the  Directive  of 
November  1989  and  the  Commercial  Space  Policy  Ciuidelines  of 
February  1991  instructed  that  “the  United  States  will  pursue  its 
commercial  space  objectives  without  the  use  of  direct  Federal  suh- 


’  1  he  firsi  IJ.S.  commercial  launch  occurred  on  Aukusi  j7.  niH9,  when  McDonnell 
Douglas  used  ifs  Delta  launcher  to  deliver  .Marcopolo  I,  a  Hritish  hroadt  astiiif;  s.nel 
lire,  successfully  to  orbit, 

*  t  he  Commercial  Space  l.aunch  Policy  enctturages  "technical  improvements  hv  di 
recting  U  S.  government  agencies  to  actively  consider  commercial  needs  ai.d  factor 
them  into  decisions  aimed  at  reducing  the  costs  and  increasing  the  responsiveness 
and  reliability  of  American  launch  vehicles."  National  Space  Council,  l‘W()  Hepitrt  to 
the  President,  p.  11, 
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sidies."  How  should  DoD  deal  with  the  issue  of  direct  subsidies  and 
how  should  DoD  support  the  commercial  launch  indusirv? 

This  study's  objective  is  to  assist  DoD  in  developing  guidelines  that 
both  comply  with  the  space  policy  directives  and  foster  a  healthy 
commercial  launch  industry.  The  latter,  in  turn,  would  help  DoD 
achieve  assured,  responsive,  and  affordable  access  to  space  over  a 
wide  spectrum  of  military  commitments  in  the  new  strategic  envi¬ 
ronment.  The  White  House  and  federal  agencies  have  been  planning 
a  major  overhaul  of  the  way  the  U.S.  government  procures  space 
hardware.  *  This  report  should  also  prove  useful  to  that  effort. 

CLASSIFICATION  OF  LAUNCH  PROCUREMENT 
CONTRACTS 

To  facilitate  discussion,  we  introduce  immediately  our  classification 
of  launch  procurement  contracts.  As  shown  in  Table  1.1,  there  are 
three  types: 

•  Government  Launches  (GL).  Traditional  procurement.  Purchase 
launch  hardware.  Cost-plus  or  cost-plus-like  contract  and  ex¬ 
tensive  government  control  and  oversight  of  launcher  manufac¬ 
turing  and  launch  processing.  Government  makes  final  decision 
on  launching. 

•  Commercial  Launches  (CL).  Department  of  Transportation 
(DoT)  license  required.  Purchase  launch  services.  F  ixed-price 
type  contract  and  little  government  control  and  monitoring  ex¬ 
cept  for  launch  range  safety.  Contractor  makes  f-nal  decision  on 
launching. 

•  Commercial-Like  Launches  (Cl.L).  DoT  license  not  required. 
Purchase  launch  hardware  or  services.  Fixed-price  type  contract. 
The  level  of  government  control  and  monitoring  lies  between 
those  of  CL  and  GL.  Government  makes  final  decision  on 
launching. 


^Andrew  Lawler,  "New  Year’s  Lesoliilion:  Overhaul  Procurement."  Space  \eirs. 
November  25-necember  1 ,  1  Wn ,  p,  ;t.  The  interagency  team  is  led  by  the  WTiite  Mouse 
National  Space  Council  with  the  participation  of  NASA,  the  Office  of  Management  and 
Hudget,  and  the  departments  of  (Commerce.  Lnergy'.  and  IMense. 
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Table  l.l 

Classification  of  Launch  Contracts 


Contract  Type 

Cost/ Price 

Customer 

Oversight 

launch 
Decision  by 

l.iability''* 

Government  (GL) 

"Cost-plus" 

Extensive 

Government 

A 

Commercial  (CL) 

Fixed-price 

No 

Contractor 

A.  B,  C 

Commercial-like  (CLL) 

Fixed-price 

In  between 

Government 

B 

^In  the  case  of  a  launch  failure,  the  contractor  is  liable  for 
A:  Neither  launcher  nor  satellite 
B;  I,auncher  only 
C:  Both  launcher  and  satellite. 


In  typical  GL  contracts,  the  government  as  a  customer  does  not  hold 
the  contractor  liable  for  the  loss  of  launchers  or  satellites  in  the  event 
of  launch  failure.  The  CLs  are  structured  such  that  the  launch  con¬ 
tractor  is  responsible  for  launchers  and/or  satellites  or  neither.  The 
contractor’s  liability  mandated  by  the  customer  depends  on  the  pre¬ 
vailing  insurance  rate  and  the  customer’s  risk-averseness.  Finally, 
the  government  generally  holds  the  contractor  liable  for  launchers, 
but  not  satellites,  in  CLL  contracts.  When  a  launch  contractor  is  li¬ 
able  for  the  loss  of  launchers  or  satellites,  it  can  purchase  insurance 
from  a  third-party  insurer  or  it  can  self-insure.  In  the  former  case,  it 
is  likely  to  include  the  insurance  premium  in  its  bid  price,  and  it  is 
equivalent  to  the  customer  purchasing  insurance  directly  from  a 
third  party.  Further,  the  premium  will  have  two  components.  The 
first  component  is  determined  by  the  size  and  likelihood  of  the  ex¬ 
pected  launch  loss.  The  second  component  covers  the  cost  and 
profit  for  the  insurer  to  do  business,  which  we  call  the  extra  insur¬ 
ance  fee  rate,  EIFR.  If  a  launch  contractor  plans  to  self-insure,  it  is 
still  likely  to  charge  .some  EIFR  for  taking  the  risk  that  the  actual 
launch  record  is  worse  than  expected.  Again,  the  insurance  premium 
will  be  reflected  in  the  bid  price.  In  this  report,  we  use  interchange¬ 
ably  the  contractor’s  liability  on  launchers  and/or  satellites  and  the 
customer’s  purchase  of  insurance  on  launchers  and/or  satellites. 

launch  commercialization  in  this  report  refers  to  the  use  of  com¬ 
mercial  procurement  by  the  U.S.  government  in  obtaining  launch 
services.  It  does  not  mean  that  the  U.S.  government  will  cease  pro¬ 
viding  support  to  the  launch  research/development  infrastructure — 
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every  foreign  launch  industry  receives  such  support  from  its  gov¬ 
ernment. 

There  are  three  recurring  issues  in  the  study: 

•  How  should  DoD  decide  which  procurement  type  (GL,  CL,  or 
CLL)  is  most  appropriate  for  a  particular  DoD  satellite  or  launch 
program? 

•  How  can  DoD  lower  its  launch  cost  regardless  of  the  procure¬ 
ment  method  used? 

•  How  can  DoD  help  to  enhance  the  competitiveness  of  the  U.S. 
launch  industry? 


STRUCTURE  OF  REPORT 

In  Chapter  Two,  we  review  government  policies  that  have  significant 
impact  on  the  health  and  competitiveness  of  the  U.S.  commercial 
launch  industry.  The  critical  dependence  of  the  launch  industry  on 
the  government  and  the  challenges  faced  by  the  industry’  is  also  dis¬ 
cussed. 

Chapters  Three  through  Five  deal  with  launch  procurement  issues. 
In  Chapter  Three,  we  compare  the  views  of  various  government 
agencies  and  private  contractors  toward  launch  commercialization. 
We  also  identify  and  compare  the  commercial  features  in  current 
DoD  launch  contracts  and  discuss  why  the.se  contracts  arc  structured 
the  way  they  are. 

In  Chapter  Four,  we  develop  a  model  that  can  choose  among  the 
three  types  of  launch  procurement  contracts  (GL,  CL,  and  CLL)  for 
particular  satellite  program.s.  We  first  apply  the  model  to  existing 
contracts  to  gain  insight  and  verification.  Then,  in  Chapter  Five,  we 
apply  it  to  the  MLV-3,  a  major  upcoming  Air  Force  launch  contract, 
in  an  attempt  to  shed  light  on  how  the  MLV-3  might  be  procured. 
We  also  introduce  guidelines  for  DoD  to  select  commercial  launch 
procurement  instead  of  the  more  traditional  GL  and  CLL  procure¬ 
ment. 

In  Chapter  Six,  we  outline  steps  that  DoD  can  take  to  help  strengthen 
the  commercial  launch  industry  and,  at  the  same  time,  to  lower 
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DoD's  cost  in  the  long  run.  These  steps  should  be  beneficial  regard¬ 
less  of  the  type  of  launch  procurement  contracts  that  DoD  decides  to 
use  in  the  future.  In  Chapter  Seven.we  summarize  the  findings  and 
recommendations. 


Chapter  Two 

COMMERCIAL  LAUNCH  HISTORY  AND  CHALLENGES 


COMMERCIAL  LAUNCH  HISTORY 

The  Delta  launch  by  McDonnell  Douglas  in  August  1989  was  the  first 
U.S.  commercial  launch.  Before  that,  space  launches  were  consid¬ 
ered  government  launches.  NASA  and  the  Air  Force  traditionally 
bought  launchers  from  the  launch  industry  and  managed  the 
launchings  for  themselves  as  well  as  for  all  other  customers.  These 
customers  included  other  government  agencies,  foreign  govern¬ 
ments,  and  domestic  and  foreign  commercial  customers.  The  U.S. 
launch  industry,  therefore,  relied  critically  on  the  government  for 
business  and  R&D  funding.  In  1982,  the  European  consortium, 
Arianespace,  began  commercial  launches  and  broke  the  U.S.  space 
launch  monopoly  in  the  Western  world.  In  1983,  the  United  States 
decided  to  launch  all  government  payloads  on  the  space  shuttle,  and 
in  1984,  passed  the  Commercial  Space  Launch  Act,  which  aimed  to 
commercialize  expendable  launch  vehicles  (ELVs).’  Unfortunately, 
the  shuttle  launch  price  was  heavily  subsidized  and  set  too  low  for 
ELVs  to  compete.  Moreover,  since  all  government  payloads  were  to 
be  launched  by  shuttles,  the  demand  for  ELVs  would  be  seriously  re¬ 
duced.  These  two  factors  led  some  launch  contractors  to  close  down 


U'he  Commercial  Space  Launch  Act.  its  subsequent  amendments,  and  other  related 
documents  have  been  compiled  by  the  Space  Commercialization  Office,  Space 
Systems  Division;  see  Commercial  Space  launch  Act  (CSLA)  Implementation  Handout. 
February  15,  1990.  A  discussion  of  U.S.  space  policies  prior  to  June  1988  can  be  found 
in  Patrick  J.  Garrity,  United  States  Space  Policy:  Review  and  Assessment,  Center  for 
National  Security  Studies,  lA- 1 1 18i,  Los  Alamos  National  I.aboratory,  New  Mexico, 
lune  1988. 
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their  ELV  production  lines  and  to  lay  off  their  workers.  Fortunately, 
the  Air  Force  succeeded  in  ordering  ten  Titan  IVs  as  backups  to  shut¬ 
tles.  The  production  lines  of  Deltas  and  Atlases,  however,  remained 
in  jeopardy. 

The  Challenger  accident  in  January'  1986  and  the  subsequent  Titan, 
Delta,  and  Atlas  launch  failures  changed  U.S.  launch  policy  drasti¬ 
cally.  In  August  1986,  the  Reagan  Administration  directed  that  no 
commercial  payloads,  either  domestic  or  foreign,  could  be  carried  by 
shuttles  except  for  national  security  and  foreign  policy  reasons  and 
that  NASA  is  prohibited  from  providing  ELV  services.  Suddenly,  the 
private  ELV  providers  no  longer  had  to  worry  about  the  low-priced 
competition  from  shuttles  or,  in  fact,  NASA  competition  at  all.  This 
probably  guaranteed  the  survival  of  the  U.S.  ELV  industry,  although 
it  does  not  indicate  that  the  ELV  industry  will  eventually  follow 
commercial,  as  opposed  to  government,  launch  practices.  Since 
government  launches  account  for  nvo- thirds  of  the  U.S.  ELV  busi¬ 
ness,  many  production  and  documentation  practices  the  govern¬ 
ment  requires  are  used  for  commercial  customers.^  In  other  words, 
government  requirements,  if  they  are  cumbersome  and  expensive, 
would  increase  the  cost  of  doing  business  even  with  the  commercial 
customers  and,  thus,  lower  the  competitiveness  of  the  launch  indus¬ 
try.^ 

National  and  DoD  space  policy  directives  since  1986  have  empha¬ 
sized  that  government  agencies,  including  DoD,  should  purchase 
commercially  available  space  services  to  the  fullest  extent  feasible, 
provided  that  national  security  requirements  are  met.'' 


^Table  .8.3  shows  that  the  U.S.  government  accounts  for  about  two-thirds  of  all  U.S. 
launches.  This  is  also  the  ratio  projected  by  Alan  Kehlet,  deputy  general  manager  for 
McDonnell  Douglas'  Delta  launch  Vehicle  Division.  Daniel  I  Marcus,  "Trouble 
Forecast  for  l  aunch  Bu.sine.s.s, "  Space  News.  November  4-10.  1 99 1 .  pp.  .3. 2 1 . 

^The  issue  of  competitiveness  was  emphasized  in  the  Commercial  Spare  launch  Act 
Amendments  of  1988.  The  Act  states  that  "the  United  States  commercial  space  launch 
industry  must  be  competitive  in  the  international  marketplace." 

‘‘T  he  DoD  Directive  of  October  H,  1986,  covers  DoD  support  for  commercial  space 
launch  activities.  It  slates  that  “it  is  DoD  policy  to:  1.  Encourage  the  U.S.  private  sec¬ 
tor  development  of  commercial  launch  operations.  2.  Endorse  fully  and  facililate  the 
commercialization  of  U.S.  Expendable  launch  Vehicles  (KLVs),  consi.stent  with  U.S. 
economic,  foreign  policy  and  natiortal  security  interests.. The  Congress  made  a 
similar  statement  in  the  Commercial  Space  launch  Act  Amendments  of  1988:  "(1)  a 
United  States  commercial  space  launch  industry  is  an  essential  component  of  national 
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That  the  Air  Force  increased  its  Titan  IV  order  from  10  to  23  launches 
ensured  the  viability  of  Martin  Marietta’s  Titan  program.  Also,  the 
Air  Force’s  signing  of  the  medium  launch  vehicle  MLV-1  launch 
contract  in  1987  and  of  the  MLV-2  in  1988  allowed  the  Delta  and 
Atlas  production  lines  to  remain  open.  Without  the  change  of  U.S. 
policy  in  1986  and  the  Air  Force  orders,  both  McDonnell  Douglas  and 
General  Dynamics  would  almost  certainly  have  closed  out  Delta  and 
Atlas  and  left  the  launch  business  completely.  Once  the  production 
facilities  were  dismantled,  equipment  sold  or  discarded,  and  person¬ 
nel  transferred  or  laid  off,  resurrecting  the  launch  production  capa¬ 
bility  would  be  very  costly  and  time  consuming,  if  at  all  practical. 
Sole  or  heavy  reliance  on  shuttles  should  be  considered  evidence  of  a 
flawed  space  launch  policy. 

To  date,  the  launch  industry  has  invested  over  S600  million  in  launch 
modernization  and  startup.’’  General  Dynamics  alone  has  invested 
$400  million  on  Atlas’  production  and  launching  facilities.  Much  of 
this  investment  remains  to  be  recovered.  In  February  1991,  General 
Dynamics  wrote  off  $300  million  of  its  $400  million  launch  invest¬ 
ment.*’  A  U.S.  launch  policy  containing  key  provisions  that  are  not 
supportive  of  commercial  launches  would  be  sufficient  to  induce  one 
or  two  major  launch  providers  to  leave  the  commercial  launch  busi¬ 
ness.  However,  the  U.S.  launch  Industry  can  survive  on  government 
business  alone,  although  the  launch  cost  to  the  government  could  be 
higher  than  if  the  launch  business  were  competitive.  A  competitive 
U.S.  launch  industry  that  can  provide  launch  services  to  other 
countries  at  a  low  price  also  can  help  to  deter  other  countries  from 


effort.s  to  a,s.sure  acce.ss  to  .space  for  Ciovernmeni  and  commercial  users;  (2)  the  Federal 
Ciovernment  should  encourage,  facilitate,  and  promote  the  use  of  the  United  States 
commercial  space  launch  industry  in  order  to  continue  United  .States  aerospace  pre¬ 
eminence,,, ",  The  .National  Space  Polit7  Directive  of  November  2,  1989,  approved  by 
the  President,  states  that  “(!overnmental  Space  Sectors  shall  purchase  commercially 
available  space  goods  and  services  to  the  fullest  extent  feasible  and  shall  not  conduct 
activities  with  potential  commercial  applications  that  preclude  or  deter  Commercial 
Sector  space  activities  except  for  national  security  or  public  safety'  reasons." 

^’COMSTAC  Innovation  &  I’echnology  Working  Group,  FV'  1990  Hinal  Hepnrr.  a  report 
to  the  Commercial  Space  Transponation  Advisory  (Committee  (COMS  TAC),  Detober 
18,  1990,  pp,;!,  li. 

hDebra  I’olsky,  "Mission  Roosts  Allas  Itevenues,  But  .Second  Write-off  Possible,”  Spnee 
News,  December  16-22,  1991,  p,  18. 
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developing  their  own  space  launch  vehicles  or  ballistic  missiles;  thus, 
it  helps  to  slow  missile  proliferation. 


The  Worldwide  Launch  Market 

Since  the  Reagan  Administration’s  decision  in  August  1986,  com¬ 
mercial  payloads,  with  few  exceptions,  are  not  carried  by  shuttles 
DoD  also  decided  that  its  payloads  will  be  carried  by  expendable 
launch  vehicles  (ELVs)  except  when  a  payload  can  be  delivered  only 
by  a  shuttle.  Thus,  ELVs  have  become  the  primary  vehicles  for  deliv¬ 
ering  commercial  and  military  payloads  worldwide. 

Table  2.1  shows  the  domestic  and  foreign  ELVs  that  are  currently  or 
soon  to  be  available.  Two  points  can  be  made.  First,  the  United 
States  has  long  maintained  the  policy  that  U.S.  government  payloads 
can  be  launched  only  by  U.S.  launch  providers.  Since  U.S.  launch 
providers  tend  to  serve  different  lift  classes,  the  domestic  competi¬ 
tion  among  them  has  not  been  fierce. 

In  small  launchers  competition.  Orbital  Sciences  Corporation  serves 
the  small  launcher  market  with  very  limited  competition  from  LTV  or 
Martin  Marietta.  The  Scouts  and  Titan  11  have  a  launch  cost  about 
double  those  of  Pegasus  and  Taurus,  respectively.^  Other  small 
launchers,  such  as  AMROC’s  ILV  and  SSI’s  Conestoga,  have  not  gar¬ 
nered  enough  business  to  ensure  their  viability.  Their  developers  are 
new,  struggling  firms  that  cannot  withstand  any  prolonged  drought 
in  financial  support.  Orbital  Sciences’  main  concern  is  the  possibility 
of  converting  surplus  strategic  missiles  into  space  launch  vehicles  by 
its  potential  competitors,  such  as  Lockheed.  In  the  longer  term,  for¬ 
eign  entries  into  the  small  launcher  market  could  also  be  serious  be¬ 
cause  many  are  subsidized  by  their  governments.  Delta  launchers 
serve  in  the  9000-11,000  lb  (to  low  earth  orbits  ILEOs])  class.  Atlas  in 
the  13,000-19,000  lb  class,  and  Titan  111  &  IV  in  the  30,000-50.000  lb 
class.  The  upcoming  MLV-3  launch  contract  will,  however,  place 


^Strictly  speaking,  we  should  refer  to  these  as  launch  prices  rather  than  costs.  The 
term  "launch  cost"  is,  however,  more  commonly  used  in  the  literature.  Also,  launch 
prices  charged  by  providers  are  launch  costs  to  customers.  Thus,  we  will  use  launch 
cost  and  launch  price  interchangeably  in  this  repon. 


Expendable  Launch  Vehicles  in  the  World 
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Delta  and  Atlas  into  direct  competition,  because  the  required  lift  ca¬ 
pability  is  near  the  high  end  of  Delta’s  lift  capability  and  the  low  end 
of  Atlas’.  Of  course,  other  launch  providers  could  also  bid  with  new 
or  modified  launchers,  as  in  the  case  of  MLV-2  competition.  Titan  IV 
is  currently  in  an  enviable  position.  It  has  no  domestic  competition, 
at  least  until  the  end  of  the  decade.  Moreover,  U.S.  policy  disallows 
foreign  launch  providers  to  bid  on  the  launches  of  U.S.  government 
payloads.*^  In  such  an  environment,  Martin  Marietta  has  a  much 
stronger  motivation  to  satisfy  the  government  requirements  than  to 
lower  the  cost.  The  implication  is  that  any  initiatives  for  launch  cost 
reduction  in  that  class  would  have  to  come  from  the  government. 

Second,  although  the  competition  among  domestic  launch  providers 
might  not  be  fierce,  Arianespace  has  captured  about  60  percent  of 
the  Western  launch  providers'  commercial  market  (all  except  U.S. 
government  launches),  and  the  situation  is  worsening  as  Japan  and 
nonmarket  providers,  such  as  the  Peoples  Republic  of  China  (PRC) 
and  the  Commonwealth  of  Independent  States  (CIS),  enter  the  mar¬ 
ket.’’  Fortunately,  as  reflected  in  the  cost  and  performance  columns 
of  Table  2.1.  our  allies  do  not  currently  have  a  clear  cost  advantage 
over  us  even  though  their  technology  and  infrastructure  are  more 
modern.  Arianespace  has  indicated  that  Arian  5  could  be  priced  45 
percent  lower  than  Adrian  4  in  dollars  per  pound.'®  By  taking  actions 
quickly  (some  of  which  will  be  recommended  in  this  report),  the 
United  States  can  prevent  further  erosion  of  our  launch  business  to 
other  countries  charging  market  launch  prices,  uur  aealing  with 
nonmarket  providers  includes  continued  reliance  on  setting  launch 


®  rhe  .National  Space  Policy  Directive  of  September  5,  1990.  on  commercial  space 
launch  policy,  plans  "the  continued  use  of  U.S.-manufactured  launch  vehicles  for 
launching  U.S.  (lovernment  satellites"  in  the  near  term  (until  '.he  year  2000). 

®lt  is  likely  that  any  market  system  established  in  the  CIS  wilt  eventually  cover  the 
pricing  of  its  space  business.  It  is  also  likely  that  the  Western  launch  providers  will  be 
dealing  with  individual  Soviet  republics  directly,  instead  of  the  CIS,  on  space  matters. 
Although  the  political  reorganization  continues  to  generate  uncertainties  about  the 
Soviet  space  apparatus,  the  current  thinking  is  that  as  many  as  five  space  agencies  will 
emerge.  Three  agencies  will  be  in  Russia,  one  in  Kazakhstan  and  one  in  Ukraine.  All 
three  republics  are  in  the  new  CIS.  Vincent  Kiernan,  "Five  Space  Agencies  Emerge 
from  Soviet  Chaos,"  Space  News,  December  16-22. 1991,  p.  3. 

'®COMSTAC  Innovation  &  Technology  Working  Group,  EY 1990  Final  Report,  a  report 
to  the  Commercial  Space  Transportation  Advisory  Committee  (COMSTAC),  October 
18,  1990,  p.  10. 
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limits  to  place  U.S.  satellites  in  orbit  until  these  governments  develop 
a  free  market  or  agree  to  use  some  sort  of  market  pricing  system. 


CHALLENGES  FACING  THE  U.S.  COMMERCIAL  LAUNCH 
INDUSTRY 

Essentially,  the  United  States  has  a  single  launch  industry  serving  the 
needs  of  government  clients  and  commercial  customers.  Since  the 
U.S.  government  is  a  major  launch  customer,  there  is  a  tendency  for 
the  launch  industry  to  focus  its  attention  in  meeting  the  government 
requirements  and  to  think  that,  even  without  commercial  business, 
the  government  alone  can  keep  the  launch  business  afloat.  This 
might  well  be  true.  The  government  should,  however,  recognize  that 
a  noncompetitive  launch  industry  will  eventually  make  the  govern¬ 
ment  pay  a  high  price  for  launching.  The  launch  industry  is  facing 
two  challenges  and  the  government’s  help  is  crucial  for  the  iiidustry 
to  meet  them. 

The  first  challenge  is  the  need  to  upgrade  the  U.S.  launch  infrastruc¬ 
ture.  To  serve  the  military  need,  the  U.S.  space  launch  program  has 
concentrated  from  the  start  on  high  performance  instead  of  low  cost, 
A  performance  orientation  tends  to  push  for  the  last  increment  in  lift 
capability.  Consequently,  the  safety  margin  is  slimmer  and  the  test¬ 
ing  procedure  more  elaborate.  Ironically,  time-consuming  proce¬ 
dures  do  not  even  serve  the  military  well.  Our  launch  processing 
time  is  typically  60  days  or  more  for  the  Delta  class  and  above  and  is 
especially  ill-suited  for  emergency  and  wartime  launches.  On  the 
other  hand,  foreign  competitors,  such  as  the  European  Space  Agency 
and  lapan,  have  concentrated  their  launch  development  on  com¬ 
mercial  applications  and  on  cost.  In  spite  of  their  commercial  orien¬ 
tation,  these  foreign  competitors  do  not.  at  present,  have  a  definite 
cost  advantage  over  U.S.  launch  providers. 

The  picture  becomes  dimmer  when  we  look  into  the  future.  Our 
major  competitor.  Arianespace,  has  been  investing  heavily  on  Ariane 
5,  with  a  goal  of  reducing  the  cost  per  pound  by  45  percent.  The  joint 
Air  Force/NASA  program  for  the  National  Launch  System  (NLS), 
which  can  have  applications  in  commercial  launchers,  is  far  behind 
in  its  development  stage  and  financial  support  and  was  recently  can¬ 
celled. 
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Worse  yet,  the  U.S.  launch  infrastructure  is  of  1950  vintage--40  years 
old.  Some  of  the  equipment  is  so  old  that  obtaining  replacement 
parts  is  a  major  problem.  Thus  far,  through  the  ingenuity  of  the  pro¬ 
cessing  and  maintenance  crew,  there  have  been  no  major  mishaps 
due  to  old  equipment.  Unfortunately,  this  achievement  buries  the 
urgent  need  to  replace  the  obsolete  equipment  in  the  veiy  near  term. 

Obsolete  equipment  will  eventually  degrade  launch  reliability.  Since 
a  satellite  often  costs  considerably  more  than  the  launcher,  and  the 
value  of  a  satellite's  service  is  even  higher,  a  customer's  decision  in 
selecting  a  launch  provider  hinges  heavily  on  the  reliabiliiv  record.  .\ 
poor  reliability  record  would  cause  the  United  Slates  to  lose  the 
commercial  launch  business.  Considering  also  that  a  launch  failure 
itself  would  easily  cost  over  SlOO  million  for  the  launcher  and  satel¬ 
lite  plus  interrupted  or  delayed  satellite  service,  we  believe  that  pre¬ 
venting  a  failure  might  well  be  cheaper  than  curing  the  results  of  one. 

DoD  has  expressed  a  desire  for  more  responsive  launches  to  meet 
new  contingency  support  requirements.  Upgrading  existing  launch¬ 
ers  and  their  infrastructure  is  a  solution  for  the  near  future. 

The  second  challenge  relates  to  foreign  launch  providers,  who  are 
gaining  experience  and  investing  heavily.  A  particular  concern  in¬ 
volves  providers,  such  as  PRC  and  CIS,  who  still  charge  nonmarket 
launch  prices.  These  providers  have  been  undercutting  the  West  by 
offering  as  much  as  50  percent  discount  for  space  launches.  I'or  the 
near  future,  we  can  limit  their  market  penetration  by  specifying  the 
number  of  launches  involving  U.S.-technology-based  satellites  that 
these  countries  can  launch  over  a  period  of  time.  The  United  States 
needs,  however,  a  solution  for  the  long  run,  because  U.S.  patents  will 
expire  and,  in  any  case,  denial  of  access  to  low-priced  launchers  in¬ 
hibits  the  ability  of  U.S,  satellite  producers  to  compete  in  the  global 
satellite  market.  Foreign  satellite  makers,  being  able  to  use  low- 
priced  launch  services,  can  offer  a  lower-priced  delivery-to-orbit 
package  to  customers.  Moreover,  there  is  a  growing  global  oversup¬ 
ply  of  launch  services. 

Since  every  foreign  launch  industry  is  subsidized  by  its  government, 
the  U.S.  government  will  have  to  continue  to  do  the  same  if  its  indus¬ 
try  is  to  remain  competitive.  To  help  the  launch  industry  the  most, 
the  U.S.  government  should  minimize  imposing  requirement.*;  atid 
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thus  costs  to  launcher  manufacturing  and  processing.  At  the  same 
time,  let  the  industry'  benefit  from  the  large  government  launt  h  de¬ 
mand  and  R&D  funding  support. 


_ Chapter  Three 

UTILIZATION  OF  COMMERCIAJ.  LAUNCH  SERVICES 


COMPARISON  OF  RELIABILITY  RECORDS  OF  THREE 
TYPES  OF  LAUNCHES 

A  key  factor  that  determines  whether  commercial,  government,  or 
commercial-like  procurement  will  be  used  is  launch  reliability.  Reli¬ 
ability  could  be  affected  by  the  type  of  procurement,  because  differ¬ 
ent  types  call  for  different  levels  of  government  oversight.  Does  the 
lack  of  Air  Force  supervision  lead  to  lower  launch  reliability? 

Tables  3.1  and  3.2  show  U.S.  launches  as  of  July  7,  1992.  This  is  our 
last  data  update,  immediately  before  our  final  briefing  to  the  project 
sponsor.  There  were  19  commercial  launches  and  17  commercial - 
like  launches.  The  commercial  launches  were  made  with  Delta,  At¬ 
las,  and  Titan  III,  whereas  the  commercial-like  launches  were  made 
with  Delta  II  for  the  Global  Positioning  System  (GPS)  satellites  under 
the  Medium  Launch  Vehicle-1  (MLV-1)  program  and  Atlas  11  for  De¬ 
fense  Satellite  Communication  System  Ill  (DSCS  111)  under  the  MLV- 
2  program. 

Since  1989,  there  also  have  been  12  government  launches.  The  48 
launches  in  this  period  are  approximately  equally  divided  among  the 
three  launch  procurement  types  (Table  3.3).  There  were  two  launch 
failures,  both  of  the  commercial  launch  type — one  with  Titan  III  and 
one  with  Atlas  I  (Table  3.1).  It  is,  however,  inappropriate  to  conclude 
quickly  that  commercial  launches  are  less  reliable. 

Because  out  objective  is  to  compare  the  reliability  records  of  com¬ 
mercial,  commercial-like,  and  government  launches  in  the  Delta, 
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Table  3.1 

Comparison  of  U.S.  Launch  Reliability  Records 
aanuary  1, 1989  to  July  7, 1992) 


Launch 

No.  of  Successes 

No.  of  Launches 

Reliability  (percent) 

CL 

Delta 

11 

11 

100 

Atlas 

4 

5 

80 

Titan 

2 

3 

67 

Total 

17 

19 

89 

CLL 

Delta 

15 

15 

100 

Atlas 

2 

2 

100 

Total 

17 

17 

100 

GL 

Delta 

2 

2 

100 

Atlas 

1 

1 

100 

Titan 

9 

9 

100 

Total 

12 

12 

100 

Atlas,  and  Titan  classes,  we  excluded  the  records  of  smaller  launchers 
such  as  Scout  and  Pegasus.  Since  1989,  there  have  been  17  success¬ 
ful  U.S.  commercial  launches  and  two  failures  (Table  3.2).  The  aver¬ 
age  reliability  is  89  percent.'  Still,  19  launches  is  a  small  number,  and 
some  initial  failures  are  understandable.  With  a  95  percent  con¬ 
fidence  level,  we  found  that  the  reliability  could  be  as  low  as  70.4 
percent  or  as  high  as  98.1  percent.  For  government  launches,  we 
have  a  much  longer  historic  record.  Since  1970,  there  were  278  gov¬ 
ernment  launches  with  259  successes.^  The  average  reliability  for 
U.S.  government  launches  is  93.2  percent,  with  a  range  of  90.2  per¬ 
cent  to  96.1  percent.  Although  the  average  reliability  of  commercial 
launches  is  below  that  of  U.S.  government  launches,  the  range  for 
commercial  launches  actually  blankets  that  of  government  launches 

'To  focilitate  the  replication  of  our  calculations  by  other  researchers,  we  have  not 
rounded  many  numters  in  this  report  to  their  significant  figures. 

^The  three  main  families  of  expendable  launchers  in  the  United  States — Atlas,  Delta, 
and  Titan— were  started  in  the  late  1950s  or  early  1960s.  We  used  launch  reliability 
data  after  1970,  because  we  did  not  want  to  include  failures  during  development^ 
stages,'  Those  failures  are  not  r^resentative  of  the  established  families. 
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Table  3.2 

Launch  Reliabilities  Appear  to  Differ  with  Launch  Type 
(as  of  July?,  1992) 


Launch 

Since 

No.  of  Successes  No.  of  Launches 

Reliability 

(percent) 

U.S.  CL 

1989 

17 

19 

89 

U.S.  CLL 

1989 

17 

17 

100 

U.S.  GL® 

1989 

12 

12 

100 

U.S.  GL® 

1970 

259 

278 

93 

Ariane 

1979 

45 

50 

90 

Japan 

1975 

24 

24 

100 

®To  obtain  data  on  comparable  launchers,  we  excluded  Atlas  Es.  They  are  gener¬ 
ally  considered  to  be  dissimilar  to  Atlas/Centaurs,  which  serve  all  three  types  of 
launch  procurement  contracts. 


(Figure  3.1).  As  of  July  7, 1992,  there  had  been  17  successful  launches 
out  of  17  CLLs.  The  reliability  range  at  95  percent  confidence  level  is 
from  84  percent  to  100  percent.  Again,  the  range  overlaps  with  both 
ranges  of  GLs  and  CLs.  Therefore,  the  launch  data  do  not  show,  with 
high  statistical  confidence,  that  different  procurement  types  result  in 
different  reliabilities. 

Also  shown  in  Table  3.2  and  Figure  3.1  are  the  records  for  Ariane 
launchers  and  Japanese  launchers.  The  Ariane  launches  in  particular 
can  be  considered  as  commercial  launches.  Again,  their  reliability 
ranges  blanket  those  of  U.S.  government  launches.  One  cannot  say 
that,  at  the  95  percent  confidence  level,  foreign  launches  and  U.S. 
government  launches  have  different  reliabilities. 

In  addition  to  the  average  reliabilities  of  various  procurement  types, 
another  key  determinant  for  selecting  CL,  CLL,  or  GL  is  how  likely  it 
is  that  the  foture  reliability  could  deviate  from  the  historic  record  and 
by  how  much.  Prospective  launch  users  are  worried  that  the  reliabil¬ 
ity  for  launching  their  payloads  may  turn  out  much  worse  than  the 
past  record.  Many  users  select  government  launches  because  of 
their  long  record. 

The  average  reliability  of  government  launches  is  93.2  percent,  which 
compares  with  89  percent  and  100  percent  for  commercial  and 
commercial-like  launches,  respectively.  The  differences  range  from 


22  An  Evolutionary  Approach  to  Space  Launch  Commercialization 


T^le3.3 

U.S.  Launch  Frequencies  in  Ddta/Atlas/Titan  Classes 
(lanuary  1, 1989  to  July  7, 1992) 


Launch 

Customer 

Total 

DoD 

NASA 

Commercial 

CL 

1.5“ 

.5“ 

17 

19 

CLL 

16 

1 

0 

17 

GL*’ 

10 

2 

0 

12 

Total 

27.5 

3.5 

17 

48 

“The  Combined  Release  and  Radiation  Effects  Satellite  (CRRES)  launched  on  July  25, 
1990,  was  a  joint  Air  Force/NASA  program  and,  therefore,  counted  as  half  DoD  and 
half  NASA. 


*’To  obtain  data  on  comparable  launchers,  we  excluded  Atlas  Es.  They  are  generally- 
considered  to  be  dissimilar  to  Arias/Centaurs,  which  serve  all  three  types  of  launch 
procurement  contracts. 


All  Launch  Types  May  Be  Equally  Reliable 


WmtMl)  3 


Utilization  of  Commercial  Launch  Services 


23 


4  to  7  percentage  points.  On  the  other  hand,  at  a  95  percent  confi¬ 
dence  level,  the  CL  and  CLL  reliabilities  could  be  as  low  as  70.4  per¬ 
cent  and  83,8  percent,  whereas  the  GL  reliability  could  only  be  as  low 
as  90.2  percent.  The  differences  in  lower  bounds  are  larger  and  range 
from  6  to  20  percentage  points.  For  very  risk-averse  users,  it  is 
understandable  that  government  launches  would  be  a  safer  choice, 
because  the  chance  for  government  launches  to  degrade  greatly  is 
lower. 

The  reluctance  to  trade  confidence  in  reliability  for  cost  savings,  even 
if  they  exist,  has  slowed  the  pace  of  U.S.  launch  commercialization. 
Unfortunately,  the  lack  of  high  confidence  is  inevitable  for  any  new 
endeavor.  A  new  venture  will  always  start  with  a  small  number  of 
data  points  and  a  low  level  of  confidence  concerning  its  outcome. 
This  is  the  fundamental  dilemma  facing  planners  who  intend  to  im¬ 
plement  the  DoD  and  national  space  policy  directives  of  using  com¬ 
mercial  or  commercial-like  launches  to  the  maximum  extent  possi¬ 
ble. 

There  are  two  ways  to  alleviate  this  fundamental  concern.  The  first 
approach  is  based  on  the  observation  that  even  less  reliable  individ¬ 
ual  launches  can  result  in  a  launch  system  of  high  reliability.  We 
want  to  determine  whether  additional  measures  can  be  taken  on  CLs 
and  CLLs  to  enhance  the  overall  reliability  of  the  satellite  launch  pro¬ 
gram  in  spite  of  the  lack  of  high-confidence  reliability  of  individual 
launches.  For  example,  we  might  add  a  provision  in  the  CL  or  CLL 
contract  for  the  availability  of  a  backup  payload  and  launcher  at  the 
launch  site.  Then,  if  a  CL  or  CLL  failure  occurs,  the  user  will  have  the 
option  to  use  the  backup  to  avoid  long  delay.  In  contrast,  a  GL  con¬ 
tract  without  a  backup  provision  might  end  up  having  a  lower  confi¬ 
dence  level  in  overall  system  reliability.  For  certain  DoD  satellite 
programs,  we  will  show  that  a  CL  or  CLL  with  backup  could  be 
cheaper  than  a  GL  without  backup. 

Second,  insurance  might  alleviate  the  monetary  loss  from  launch 
failures.  Moreover,  an  insurance  premium  that  an  individual  launch 
provider  pays  reflects  the  expected  reliability  of  its  launchers.  The 
insurance  premium  is  a  way  to  use  market  forces  to  adjust  for  the 
fact  that  different  launch  providers  have  had  different  CL  or  CLL  reli¬ 
ability  records.  For  example.  Delta  has  made  26  CLs  or  CLLs, 
whereas  Atlas  and  Titan  have  had  only  7  and  3,  respectively.  If  one 
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combines  the  CL  and  CLL  records  of  Delta,  26  successes  out  of  26 
have  been  attained.  At  a  95  percent  confidence  level,  the  reliability  is 
unlikely  to  be  lower  than  89.1  percent.  In  contrast,  the  government 
launch  reliability  is  unlikely  to  be  lower  than  90.2  percent.  These  two 
numbers  are  similar.  If  no  insurance  on  the  launcher  and  payload 
were  required  in  the  launch  contract  and  if  reliability  is  a  major  fig¬ 
ure  of  merit.  Delta  would  have  a  high  edge  over  other  launchers.  The 
requirement  for  insurance  could  help  other  launch  providers,  espe¬ 
cially  those  with  a  short  or  poor  launch  record,  to  win  a  launch  con¬ 
tract,  because  insurance  alleviates  the  user’s  concerns  about  mone¬ 
tary  losses. 


VIEWS  AND  CONCERNS  REGARDING  LAUNCH 
PROCUREMENT  AND  COMMERCIAUZATION 

To  determine  the  pace  and  extent  of  launch  commercialization,  we 
first  need  to  understand  the  views  of  involved  parties.  A  better  un¬ 
derstanding  helps  us  recommend  a  policy  that  addresses  their  con¬ 
cerns.  In  our  discussion  below  about  the  views  of  various  agencies 
and  contractors,  note  that  planners  within  the  same  agency  or  firm 
do  not  necessarily  have  similar  views.  Our  main  purpose  is  to  list  the 
major  views  and  concerns;  it  is  less  important  who  actually  holds 
what  view. 

In  this  section,  we  will  also  describe  recent  major  DoD  launch  con¬ 
tracts.  The  three  major  Air  Force  launch  contracts  are  Titan  IV,  MLV- 
1,  and  MLV-2,  and  the  major  Navy  contract  is  the  Ultra  High  Fre¬ 
quency  (UHF)  Follow-on.  A  much  smaller  but  typical  contract,  the 
Strategic  Defense  Initiative  Organization’s  (SDIO’s)  LACE/RME 
(Low- Power  Atmospheric  Compensation  Experiment/ Relay  Mirror 
Experiment)  launch  contract,  will  also  be  discussed.  The  upcoming 
major  Air  Force  MLV-3  contract  will  be  examined  in  Chapters  Four 
and  Five  after  we  introduce  a  quantitative  method  and  a  set  of  crite¬ 
ria  for  selecting  which  procurement  type  to  use. 

Air  Force 

An  address  by  Martin  Faga,  former  Assistant  Secretary  of  the  Air 
Force  for  Space,  amply  reflected  the  Air  Force’s  position  on  com- 
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mercial  space  launches.^  He  observed  that,  for  a  typical  DoD  space 
program,  launch  support  accounts  for  25  percent  of  the  total  pro¬ 
gram  cost.  About  half  of  the  launch  support  is  related  to  launch  pro¬ 
curement,  and  the  remaining  half  is  equally  divided  between 
launcher  development  and  launch  operations.  Thus,  launch  pro¬ 
curement  accounts  for  only  about  12  percent  of  a  space  program’s 
cost,  and  launch  operations,  only  6  percent.  On  the  one  hand,  Faga 
believes  that  commercially  reasonable  practices  should  continue  to 
be  encouraged  in  every  procurement.  Examples  include  eliminating 
unneeded  contract  provisions  and  certifying  entire  processes  instead 
of  inspecting  launcher  components  on  the  assembly  line.  On  the 
other  hand,  he  believes  that  DoD  should  not  rely  on  commercial 
practices  for  launch  operations  and  control,  because  some  DoD 
missions  are  so  critical  that  it  is  not  worthwhile  to  trade  a  small  cost 
savings  for  an  increase  in  the  risk  of  launch  failure.  It  has  also  been 
reported  that  the  Air  Force  believes  that  commercial  firms  can 
launch  small  payloads,  but  its  officials  are  uncomfortable  with  any 
plan  that  uses  commercial  services  for  large,  expensive  payloads."* 

It  seems  that  former  Assistant  Secretary  Faga  is  more  comfortable  in 
allowing  more  commercial  practices  in  the  manufacturing  of 
launchers  than  in  the  processing  of  the  launchers  at  the  launch  sites. 
Three  points  can  be  made.  First,  since  the  Air  Force  owns  the  launch 
sites  and  many  of  the  launch  facilities,  commercializing  the  launch 
processes  would  affect  the  Air  Force  more  than  commercializing 
launcher  production.  Moreover,  since  launcher  manufacturing  costs 
about  twice  as  much  as  launch  operations,  the  potential  cost  savings 
in  the  former  could  be  higher,  at  least  in  the  near  term.® 

Second,  there  seems  to  be  an  implicit  assumption  that  commercial 
launch  will  incur  a  higher  launch  failure  risk.  This  is  not  borne  out  by 


^Martin  Faga,  "Commercial  Space:  A  Pentagon  View,”  Space  News,  August  19-25, 
1991.  Remarks  adapted  from  an  address  to  the  Maryland  Space  Business  Roundtable 
in  Greenbelt,  Maryland,  on  July  23, 1991. 

^“NASA,  DoD  buck  trend  to  'buy  commercial',"  Space  Business  News,  May  28,  1990, 
p.7, 

®In  fact,  since  the  Air  Force  charges  only  direct  costs  to  the  contractor  for  launch  site 
services,  the  launch  processing  cost  to  the  contractor  can  be  less  than  a  quarter  of  the 
launcher  manufacturing  cost.  In  other  words,  the  contractor's  launcher  manu¬ 
facturing  cost  can  be  about  four  times  that  of  the  launch  processing  cost. 
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our  analysis  of  the  reliability  records  above.  Former  Assistant  Secre¬ 
tary  Faga  could  also  be  concerned  that  the  commercial  launch  record 
is  too  short  to  provide  high  confidence.  This  is  true  in  general,  but 
there  are  two  exceptions.  The  commercial  Delta  is  emerging  with  an 
impressive  (26  out  of  26  launch  successes)  and  sizable  record.  Also,  if 
commercial  launches  were  never  given  a  chance,  they  could  never 
establish  a  launch  record  with  any  level  of  high  confidence.  One 
strategy  is  not  to  make  an  abrupt  and  complete  conversion  from 
government-controlled  launches  to  contractor-controlled  launches. 
Rather,  we  could  start  with  certain  classes  of  launches  first. 

Third,  although  launch  support  accounts  for  only  25  percent  of  the 
total  space  program  cost,  the  absolute  dollar  value  is  still  large  and  of 
great  commercial  importance.  There  are  other  noneconomic  con¬ 
cerns  if  the  U.S.  launch  industry  is  not  competitive  in  the  world  mar¬ 
ket.  For  example,  the  U.S.  argument  that  it  is  necessary  to  discourage 
Third  World  countries  from  entering  the  space  launch  market  to  pre¬ 
vent  proliferation  of  ballistic  missiles  could  be  interpreted  as  a  way  to 
protect  the  noncompetitive  domestic  launch  industry.  At  the  same 
time,  our  high-cost  launches  would  indirectly  encourage  Third 
World  ballistic  missile  development,  because  these  countries  might 
believe  that  they  could  win  some  space  launch  business  and  lower 
their  net  investment  for  ballistic  missile  development. 

Others  at  the  Air  Force  have  suggested  that  small  launchers,  such  as 
Pegasus,  are  suitable  for  commercial  launches.  The  payloads  for 
small  launchers  are  generally  cheaper  and  less  critical  and  one  could 
afford  to  take  a  higher  risk.  Other  government  agencies  generally 
agree  with  this  view.  The  difference  comes  when  one  starts  to 
discuss  whether  larger  launchers,  such  as  Delta,  Atlas,  or  even  Titan, 
which  carry  more  expensive  and  vital  payloads,  are  now  ready  for 
commercialization  and  when  they  should  be  commercialized. 
Planners  at  the  Air  Force  generally  feel  uncomfortable  losing  control 
of  launchers,  with  the  possible  exception  of  small  launchers.  This 
view  is  reflected  in  the  statement  of  General  Robert  Dickman,  deputy 
director  of  Air  Force  space  acquisition.^  He  said,  "since  we  can’t 
insure  our  payloads,  we  must  do  everything  reasonable  and  prudent 


®“Air  Force  rejects  commercial  launches,’  Military  Space,  July  29, 1991.  p.  6. 
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to  ensure  they  are  delivered  safely  to  orbit. He  further  cited  the 
need  to  launch  three  GPS  satellites  in  a  hurry  after  the  Iraqi  invasion 
of  Kuwait  and,  therefore,  the  need  to  have  direct  control  over  the 
launch  schedule.  Again,  the  implicit  assumption  is  that  commercial 
launch  is  less  reliable  or  certain.  As  to  the  need  for  emergency 
launches,  we  agree  that  any  commercialization  scheme  should  allow 
DoD  to  make  such  launches.® 

Finally,  the  Air  Force  generally  believes  that  government  oversight 
provides  a  cost/ reliability  benefit.  Our  comparison  of  reliabilities  of 
GLs,  CLLs,  and  CLs  does  not  show  such  benefit  exists  with  high  con¬ 
fidence.  In  any  case,  if  it  exists,  a  CL  contractor  can  still  take  advan¬ 
tage  of  it  by  hiring  th?  Air  Force,  the  Aerospace  Corporation  or  others 
to  perform  the  oversight 

Described  below  are  the  cunent  major  Air  Force  launch  contracts. 

Titan  IV.  Immediately  after  the  1983  U.S.  decision  that  all  govern¬ 
ment  payloads  would  be  launched  on  shuttles,  the  Air  Force  became 
concerned  about  this  sole  reliance.  By  1985,  the  Air  Force  contracted 
with  Martin  Marietta  for  ten  launch  vehicles,  later  named  Titan  TVs. 
These  launchers  were  to  be  used  to  launch  some  of  the  highest  pri¬ 
ority  military  satellites,  such  as  a  ballistic  missile  attack  early  warning 
system,  MILSTAR  communication  satellites,  and  other  classified 
payloads.®  After  the  Challenger  accident  in  1986,  it  was  apparent  that 
the  Air  Force’s  insistence  on  having  ELVs  was  a  wise  move.  In  the 
same  year,  the  Air  Force  increased  the  order  to  23  launchers.  Later, 
the  number  further  increased  to  55,  with  41  vehicles  to  be  launched 
through  the  mid-1990s.  As  late  as  1990,  the  Air  Force  plan  after  1995 


^It  is  not  clear  to  us  what  he  meant  by  “can't  insure  our  payloads.  He  could  mean  that 
the  launch  insurance  premium  on  satellite  is  too  high  for  him  to  pay.  He  could  also 
mean  that  a  launch  failure  wilt  cost  more  than  flnancial  losses.  Launch  and  mission 
delay  cannot  be  compensated.  This  report  will  address  both  issues — what  is  the 
typi(^  launch  insurance  premium?  Will  launch  delay  affect  a  satellite  constellation's 
performance  significantly? 

*The  impact  of  inteijecting  government  emergency  launches  on  commercial  launch 
services  depends  on  the  number  of  launch  pads  and  the  length  of  on-pad  time  for 
each  launch,  because  the  launch  pads  are  typically  die  launch  processing  botdeneck. 
Since  the  U.S.  launch  industry  is  not  operating  at  maximum  capacity,  it  can 
accommodate  some  emergency  launches. 

®  U.S.  General  Accounting  Office,  Space  Launch;  Cost  Increases  and  Schedule  Delays  in 
the  Air  Forceps  Titan  TV  Program,  May  1990. 
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was  to  procure  and  launch  about  ten  Titan  IV  launchers  a  year.  The 
drastic  changes  in  the  geopolitical  situation  and  the  general 
reductions  in  military  procurement  budgets  have  led  to  a  lower  rate 
of  eight  or  even  five  launches  a  year.*®  The  Titan  IV  program  will 
remain  important  for  payloads  above  the  Delta  and  Atlas  class.  A  key 
difference  between  the  Titan  IV  and  the  other  launch  programs  (to 
be  discussed  below)  is  that  the  Titan  IV  launchers  are  being  used  for 
a  wide  variety  of  payloads,  as  opposed  to  one  main  type  of  payload, 
such  as  GPS  on  MLV-1  Delta  launchers  and  DSCS  on  MLV-2  Atlas 
launchers.  Also,  Titan  IV  payloads  are  generally  more  expensive. 
The  constellation  established  by  Titan  IV  launches  often  consists  of 
fewer  satellites  than  those  established  by  Deltas  and  Atlases.  We  will 
explain  in  Chapters  Four  and  Five  why  these  attributes  are  important 
in  deciding  whether  a  particular  launch  program  should  be  procured 
differently  in  the  future. 

Another  important  element  in  a  procurement  contract  is  insurance. 
Is  the  satellite  owner  expected  to  be  self-insured?  Or  is  the  launch 
provider  expected  to  obtain  insurance  on  the  launcher  and/or  satel¬ 
lite?  Let  us  examine  the  insurance  or  free  reflight  provision  in  the  Ti¬ 
tan  IV  program.  In  the  Titan  IV  contract,  each  launch  failure  would 
take  $45.3  million  from  Martin  Marietta’s  combined  profit  and  in¬ 
centive  pool  of  $675  million.**  Since  each  Titan  IV  launch  costs  $221 
million  (see  Table  4.4),  the  penalty  amounts  to  only  20  percent  of  the 
launch  cost,  and  the  Air  Force  would  still  have  to  assume  the  remain¬ 
ing  80  percent.  The  penalty  induces  the  launch  provider  to  pay 
added  attention  to  high  launch  reliability.  The  Air  Force,  however,  is 
justifiably  concerned  about  its  80  percent  share  of  the  reflight  cost 
and  the  frill  share  of  the  satellite  replacement  cost  of,  say,  $200  mil¬ 
lion  (see  Table  4.4).  Moreover,  the  delay  in  satellite  service  is  another 
major  concern.  From  the  perspective  of  a  satellite  program  manager, 
the  Titan  IV  contract  is  well  approximated  by  our  no-insurance  case 
(to  be  discussed  later),  because  the  equivalent  amount  of  insurance 
coverage  for  Titan  IV  is  small. 


lOEdward  Kolcum,  "Reduced  Military  Budgets  Revamp  Titan  4  Production  and  Launch 
Program,"  Aviation  Week  &  Space  Technology,  September  2.  1991,  p.  70;  “Centaur 
Passes  Critical  Milestone,”  Military  Space,  December  16, 1991 .  p,  3. 

•lU.S.  General  Accounting  Office,  Space  Launch:  Cost  increase.';  and  Schedule  Delays 
in  the  Air  Force's  Titan  IV  Program,  May  1990,  pp.  18-19. 


Utilization  of  Commercial  Launch  Services  2S 


The  manufacturing  of  the  launch  vehicles  themselves  accounted  for 
only  48  percent  of  the  Titan  IV  program  cost  to  the  Air  Force.  The 
remaining  52  percent  is  for  research,  development,  test,  and  evalua¬ 
tion  (RDT&E):  operations  and  maintenance;  and  military  construc- 
tion.'^  Thus,  this  program  is  not  a  simple  procurement  of  launch 
services.  The  Air  Force  wants  to  use  the  program  to  develop  a  heavy- 
lift  vehicle  to  its  specifications.  The  contract  has  a  target  cost,  a  tar¬ 
get  price  with  profit,  and  a  ceiling  price.  The  target  and  ceiling  prices 
are  10  percent  and  20  percent,  respectively,  higher  than  the  target 
cost.  The  Air  Force  will  pay  90  percent,  and  the  contractor  only  10 
percent,  of  the  cost  overrun,  up  to  the  ceiling  price.  The  contractor's 
share  will  be  paid  in  reduced  profit,  payable  under  the  contract 
These  features  are  similar  to  the  Fixed  Price  Incentive,  Firm  Target 
(FPIF)  contract  used  for  MLV-1  and  -2.  The  large  number  of  signifi¬ 
cant  technical  modifications  and  cost  adjustments  to  the  contract, 
however,  made  the  “fixed  price"  lose  its  meaning.  In  addition,  a  large 
portion  of  the  contract  deals  with  RDT&E.  We  therefore  consider 
that  the  Titan  IV  program,  in  essence,  is  more  a  cost-plus  than  a 
fixed-price  contract. 

The  current  version  of  Titan  IV  has  a  lift  capability  of  39,000  lb  to  low 
earth  orbits  (LEOs).  If  the  Air  Force  decides  to  proceed  with  the  solid 
rocket  motor  upgrade  (SRMU)  or  to  replace  it  with  an  upgrade  of 
similar  performance,  the  Titan  IV  capability  could  be  enhanced  to 
49,000  lb;  it  could  then  deliver  most  of  the  Air  Force’s  heavy  payloads 
to  LEOs,  geosynchronous,  and  other  orbits. 

MLV-1.  Again  on  the  heels  of  the  Challenger  accident  in  1986,  the  Air 
Force  quickly  took  action  to  procure  expendable  launch  vehicles 
(ELVs)  other  than  Titan  IVs.  The  MLV-1  program  is  intended  for 
launches  in  the  1 1,000-lb  class  to  LEOs.  The  primary  payloads  are 
GPS  navigational  satellites,  each  one  weighing  1 800  lb.  Their  orbits 
are  at  semi-geosynchronous  altitudes.  In  1987,  the  Air  Force 


'2u.S.  General  Accounting  Office,  Space  Launch:  Cost  Increases  and  Schedule  Delays 
in  the  Air  Force’s  Titan  IV  Program.  May  1990,  pp.  11, 20.  As  of  October  1989,  launcher 
procurement  accounted  for  $4  billion  of  the  $8.3  billion  to  be  funded  by  the  Air  Force, 
There  is  a  small  component  of  $48  million,  or  .6  percent,  for  procurement  other  than 
launchers.  Moreover,  the  military  construction  cost  of  $464  million  does  not  include 
most  of  the  cost  of  launch  facilities,  which  are  included  in  other  programs.  Finally,  the 
other  federal  users  are  expected  to  pay  an  additional  $6.3  billion.  The  total  contract 
value  for  the  Titan  fV  program,  including  55  launchers,  is  estimated  to  be  $14.6  billion. 
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awarded  McDonnell  Douglas  a  contract  for  20  Delta  11  launches 
through  1991  at  a  market  value  of  $650  million. There  is  also  an 
option  for  24  to  27  additional  launches  for  the  1994-2000  period. 

The  differences  between  a  government  launch  contract  and  a  com¬ 
mercial  one  lie  in  two  areas.  There  are  many  Federal  Acquisition 
Regulations  (FARs)  and  other  provisions  dictated  by  Congress  and 
other  agencies  for  doing  business  with  the  government.  These  pro¬ 
visions.  such  as  those  introduced  for  socioeconomic  reasons,  govern 
almost  all  types  of  procurement.  Since  a  reform  in  this  area  would 
affect  all  government  business,  not  just  the  launch  business,  we  will 
not  address  these  issues  in  this  report.  We  will  concentrate  on  the 
second  area,  in  which  fhe  provisions  are  used  to  ensure  reliability 
and  control  cost  in  launch  contracts  and  can  be  changed  by  selecting 
a  different  type  of  procurement.  In  other  words,  procurement  type 
can  affect  cost  because  the  contractor  will  have  to  spend  different 
amounts  of  manpower  on  the  paperwork  and  interactions  that  the 
government  requires  in  the  launch  contract. 

From  the  Challenger  accident  in  January  1986  to  the  MLV-1  award  in 
January  1987,  the  nation,  as  well  as  DoD,  was  involved  heavily  in  the 
development  of  a  new  space  launch  policy.  The  Air  Force  was  well 
aware  of  the  nation's  and  the  DoD’s  desire  to  support  the  private 
commercial  launch  industry.  Consequently,  the  Air  Force  reduced 
government-unique  provisions  and  incorporated  commercial  fea¬ 
tures  in  MLV-1.  For  example,  unlike  its  control  of  the  designs  of 
previous  launchers,  such  as  Atlas  E,  the  Air  Force  allowed  McDonnell 
Douglas  to  control  the  basic  design  of  Delta  II.  The  Air  Force  also 
relaxed  some  government  quality-control  standards  in  parts,  relia¬ 
bility,  test  and  corrective  action.*^  These  changes  are  reflected  in 
Contract  Data  Requirements  Lists  (CDRLs)  and  Cost/Schedule  Con¬ 
trol  Systems  Criteria  (C-SCSC).  The  former  specifies  what  docu¬ 
ments  are  required  to  be  delivered  to  the  government.  The  latter  en¬ 
sures  that  the  contractor  will  use  effective  internal  cost  and  schedule 


'^Congressional  Budget  Office,  "Encouraging  Private  Investment  in  Space  Activities." 
February  1991 ,  p.  19.  The  other  government  procurement  of  Delta  is  NASA’s  for  three 
launches  through  1995  at  a  contract  value  of  $140  million,  and  there  is  an  option  for 
up  to  nine  more  launches  during  1994-2000. 

'4The  Medium  Launch  Vehicle-1  contract  between  the  Air  Force  and  McDonnell 
Douglas,  lanuary  20, 1907. 
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management  control  systems  and  provide  timely  data  that  will  allow 
the  government  to  determine  contract  status.  The  Air  Force  was 
willing  to  certify  a  contractor’s  quality  control  process  and  manage¬ 
ment  system  rather  than  inspect  and  approve  numerous  intermedi¬ 
ate  steps  throughout  the  production  process.  Consequently,  over  a 
thousand  mandatory  inspection  points  in  the  old  Delta  1  NASA  con¬ 
tract  have  been  reduced  by  a  factor  of  ten  in  the  Delta  11  MLV-1  con¬ 
tract.  The  reduction  speeds  up  the  process  and  reduces  the  man¬ 
power  required  for  compliance. 

Government  monitoring  and  contractor  compliance  can  be  further 
reduced.  We  believe  that  one  source  of  paperwork  is  the  use  of  both 
target  and  ceiling  prices,  instead  of  just  one  fixed  price,  in  a  pro¬ 
curement  contract.  The  MLV-1  contract  is  a  FPIF  contract.  The 
contract  shows  a  target  cost,  a  target  profit,  a  target  price,  and  a  ceil¬ 
ing  price.  The  target  profit  is  about  10  percent  of  the  target  cost,  and 
a  ceiling  price  is  125  percent  of  the  target  cost.  The  target  price  is 
simply  the  sum  of  target  cost  and  target  profit.  The  structure  of  the 
contract  requires  the  government  to  determine  (i)  how'  much  the 
contractor’s  cost,  plus  the  allowed  profit,  has  exceeded  the  target 
price  but  has  not  yet  exceeded  the  ceiling  price,  and  (ii)  whether  the 
cost,  plus  profit,  has  exceeded  the  ceiling  price.  The  government  will 
pay  the  lion’s  share  of  the  cost  overrun,  up  to  but  not  exceeding  the 
ceiling  price.  Under  such  a  contract  provision,  the  government  will 
l,ave  to  obtain  detailed  cost  data  from  the  contractor  and  monitor 
the  contractor’s  manufacturing  to  determine  actual  cost  and  to  con¬ 
trol  cost  overruns.  The  types  of  cost  data  required  are.  for  example, 
those  appearing  in  work  measurements  for  various  jobs  and  in  Cost 
Performance  Reports.  As  a  result  of  these  reporting  requirements, 
the  contractor  first  has  to  estimate  the  amount  of  material  and  labor 
required  for  a  job,  then  document  the  actual  amounts  and  explain 
overruns  above  a  certain  variance.  All  these  activities  take  time  and 
manpower.  If  the  contract  were  a  pure  fixed-price  type  and  con¬ 
tained  a  single  price,  cost  data  reporting  would  not  be  needed,  be¬ 
cause  the  government  would  pay  the  same  price  whether  there  were 
cost  overruns  or  underruns.  Moreover,  since  the  contractor  would 
keep  100  percent  of  the  cost  savings  and  pay  100  percent  of  the  cost 
overruns,  it  would  have  much  stronger  incentives  to  keep  the  cost 
under  control  and  adopt  innovations  to  reduce  costs.  Cost  reduction 
procedures  developed  under  government  contracts  are  likely  to  be 
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applicable  to  commercial  launch  customers  as  well  and  thus  en¬ 
hance  competitiveness.  For  routine  and  standard  launchers,  pure 
fixed-price  contracts  could  be  more  suitable  than  cost-plus  contracts 
or  FPIF  contracts.  For  many  forms  of  terrestrial  transportation,  the 
government  has  used  fixed-price  contracts  to  procure  services. 
Buying  commercial  plane  tickets  for  government  traveling  is  one  ex¬ 
ample. 

As  to  mission  success  incentive  (MSI),  McDonnell  Douglas  can  col¬ 
lect  $3  million  for  each  success.'-’  With  one  failure,  it  would  have  to 
return  the  collected  MSls  and  forgo  present  and  future  MSls.  With 
two  failures,  it  would  be  required,  in  addition,  to  reduce  the  target 
profit  by  50  percent.  With  three  or  more  failures,  it  would  have  to  re¬ 
duce  the  target  profit  to  zero  and  eliminate  any  share  of  the  contrac¬ 
tor's  award  as  a  result  of  any  underrun.  U'hat  kind  of  insurance  is  the 
Air  Force,  in  effect,  getting? 

At  an  average  launch  price  of  $33  million  payable  to  McDonnell 
Douglas,'^  the  target  profit  is  $3.3  million.  If  there  were  no  failures  in 
20  launches,  McDonnell  Douglas  would  collect  $60  million  in  M.SIs 
and  $66  million  in  profits,  or  a  total  of  $126  million.’’  If  there  were 
one  failure,  it  would  only  collect  $66  million;  two  failures.  $33  mil¬ 
lion;  and  three  or  more  failures,  $0  million.  One  failure  out  of  20 
amounts  to  a  reliability  of  95  percent.  McDonnell  Douglas  has  had  a 
long  string  of  launch  successes  since  September  1986.  Delta  rcliabil- 


'■'’The  Medium  Launch  Vehicle- 1  contract  between  the  Air  I-orce  and  McDonnell 
Douglas,  lanuaryZO,  1987,  Attachment  6. 

‘®Even  when  one  uses  the  same  launcher  and  configuration,  the  latinch  cost  ran  lx- 
different  from  contract  to  contract,  t  he  launch  cost  to  the  government  ran  he  lower 
than  that  to  a  commercial  customer.  I  he  difference  can  be  explained  by  the  savings  to 
the  government  for  multiple  buys  and  by  the  government  's  paying  for  a  [tortion  of  the 
R(i(D  work  through  previous  contracts.  Here,  we  arrived  at  the  cost  per  launch  bv 
simply  dividing  the  contract  value  of  $6.S0  million  by  the  number  of  launchers,  20. 

'^There  will  also  be  award  fees,  which  are  determined  by  the  Air  Force  and  based  on 
the  scoring  of  .McDonnell  Douglas'  management  performance  in  the  MI  A'- 1  program. 
The  maximum  amount  and  the  actual  amount  arc  not  shown  in  the  conir.arr 
description.  We  can,  however,  assume  that  it  is  the  same  as  that  in  the  Ml  V.2 
program,  which  stipulates  a  maximum  of  $I  million  for  each  of  the  three  evaluation 
periods.  (The  Medium  launch  Vehicle-2  contract  betwetm  the  Air  Lorce  and  (lener.ul 
Dynamics,  June  16,  1988.  Attachment  8.  p.  3)  It  suffices  to  say  that  these  ammmts  are 
relatively  much  less  important  than  the  mission  success  incentives  and  the  target 
profits.  We  are  ignoring  the  award  fee  in  the  discussion  here. 
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ities  are  98  percent  in  the  last  10  years  and  94  percent  over  the  last  30 
years.  Let  us  conservatively  assume  that  one  launch  failure  is  ex¬ 
pected.  Then,  any  additional  failure  has  a  penalty  of  $33  million,  or 
the  cost  of  a  launch.^^  Therefore,  from  the  Air  Force’s  perspective, 
the  MLV-1  contract  is  equivalent  to  insuring  the  launch  vehicle  but 
not  the  payload,  which  is  about  $46  million  for  a  GPS  satellite.  We 
will  use  the  finding  that  MLV-1  contract  has  insurance  on  the 
launcher  in  Chapter  Four. 

MLV-2.  In  1988,  the  Air  Force  awarded  General  Dynamics  a  contract 
for  1 1  Atlas  launches  through  1995  at  a  contract  value  of  $520  million 
and  an  option  for  four  additional  launches  between  1995  and  2000. 
The  primary  payloads  are  DSCS  satellites.^®  The  contract  type  is 
FPIF,  the  same  as  MLV-1.  It  has  a  target  profit  and  a  ceiling  price  and 
a  specific  ratio  for  sharing  the  cost  overruns  and  underruns. 

Overall,  the  Air  Force  considers  that  it  has  somewhat  less  monitoring 
on  MLV-2  than  on  MLV-1.  It  intends  to  maintain  its  oversight 
through  auditing  the  contractor’s  system  evaluation.  At  the  begin¬ 
ning  of  the  contract,  the  Air  Force  audited  and  certified  the  contrac¬ 
tor’s  management  system  for  its  ability  to  produce  government 
specifications  and  CDRLs.  The  contract,  however,  states  that 

The  Government  reserves  the  right,  upon  determining  that 
the  Contractor's  performance  in  an  area  subject  to  this  re¬ 
quirement  has  subsequently  become  unsatisfactory,  to  uni¬ 
laterally  reimpose  one  or  more  of  the  Government  compli- 


t®From  lune  30.  1981,  to  June  30, 1991,  there  were  51  Della  launchers  with  one  failure. 
From  the  first  Delta  launch  on  May  13,  1960,  to  June  30,  1991,  there  had  been  205 
launches  with  12  failures. 

'^Strictly  speaking,  the  insurance  covers  up  to  three  launch  failures.  The  Air  Fo'^ce 
receives  no  compensation  or  reflight  for  the  fourth  and  subsequent  failures.  On  the 
other  hand,  the  probability  for  four  or  more  failures  out  of  20  launches  (a  reliability  of 
8C  percent  or  less)  is  very  small,  because  the  reliability  of  Delta  launchers  well  exceeds 
90  percent. 

20Congressional  Budget  Office,  "Encouraging  Private  investment  in  Space  Activities." 
February  1991,  p.  19.  The  other  government  Atlas  contracts  are  those  of  NASA  and  the 
Navy.  NASA  procured  three  launches  through  1995  at  a  contract  value  of  $205  million, 
and  there  is  an  option  for  two  more  launches  between  1996  and  2000.  The  Navy 
procured  through  Hughes  Aircraft  Company  for  one  launch  in  1991  and  options  for 
nine  more  launches  through  the  1990s.  The  total  value  (including  the  nine  options)  of 
this  Navy  contract  is  $700  million. 
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ance  documents  listed  below  at  no  increase  in  contract  price, 
or  change  in  the  period  of  performance 

In  other  words,  if  the  government  found  that  the  contractor’s  man¬ 
agement  system  no  longer  complied  with  government  requirements, 
the  government  could  reimpose  certain  standard  documents  at  no 
cost.  We  did  not  find  that  the  potential  cost  implication  of  such  a 
unilateral  action  was  a  worry  for  the  contractors.  They  did  not  adjust 
their  bid  price  to  account  for  the  provision.  They  believe  that  the  Air 
Force  is  genuinely  interested  in  relying  on  the  contractor’s  manage¬ 
ment  system  and  would  not  unreasonably  demand  changes  to  the 
system.  The  Air  Force  also  stopped  participating  in  certain  review 
boards  that  deal  with  corrective  and  disposition  actions  and  from 
certain  testing  and  modeling  activities. 

A  certification  and  a  brief  narrative  of  work  accomplished  will  ac¬ 
company  each  progress  payment  voucher.  The  time  required  to  pre¬ 
pare  such  a  voucher  would  be  significantly  less  than  the  time  re¬ 
quired  to  prepare  a  detailed  description  of  cost  and  material  for 
payment.  The  question  is  whether  we  can  further  simplify  the  doc¬ 
umentation  by  basing  the  payment  only  on  the  passage  of  time,^^ 
This  way,  no  work  description  would  be  needed,  and  the  government 
also  would  not  need  to  check  how  much  work  had  been  performed. 
For  example,  10  percent  of  the  launch  price  will  be  paid  36  months 
before  the  scheduled  launch,  and  an  additional  10  percent  will  be 
paid  every  four  months.  An  interest  adjustment  or  penalty  can  be 
made  for  a  launch  delay. 

The  MLV-2  contract  simply  stipulates  a  free  reflight  for  failure.  In 
contrast,  although  MLV-1  essentially  demands  the  same,  the  Air 
Force  stipulates  a  complicated  procedure  to  accomplish  it.  On  the 
other  hand,  both  MLV-1  and  -2  do  not  insure  the  cost  of  the  satellite. 

Although  the  Air  Force  has  made  a  concerted  effort  to  incorporate 
commercial  features  and  approaches  into  MLV-2,  there  are  still  great 


2 'The  Medium  Launch  Vehicle-2  coniract  between  the  Air  Force  and  General 
Dynamics,  June  16, 1988,  Part  I;  The  Schedule,  p.  70. 

^^The  Air  Force  said  that  it  has  since  changed  the  payment  method  to  that  based  on 
the  passage  of  time  for  MLV-2.  It  said,  however,  that  “the  contractor  has  to  demon¬ 
strate  substantial  progress  prior  to  such  payments.”  To  us,  if  the  contractor  has  to 
demonstrate  first,  it  is  not  a  payment  schedule  based  purely  on  the  passage  of  time. 
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differences  in  required  documentation  and  compliance  between 
MLV-2  and  a  typical  commercial  contract.  The  MLV-2  contract  is 
still  three  inches  thick,  whereas  a  typical  commercial  contract  is  less 
than  one-tenth  of  that.  Dennis  Dunbar  of  General  Dynamics,  the 
company  that  won  the  MLV-2  contract,  gave  a  similar  example.^^  In 
early  1987,  General  Dynamics  received  a  request  from  a  commercial 
company  and  one  from  the  U.S.  government.  Both  were  for  launch 
service  to  deliver  spacecraft  of  similar  size  to  similar  orbits.  General 
Dynamics’  proposal  to  the  commercial  company  required  91  pages, 
but  the  one  to  the  government,  4250  pages.  He  further  observed  that 
later  proposal  requests  from  the  same  government  agency  showed 
significant  improvements  and  that  the  last  request  could  be  an¬ 
swered  in  500  pages.  Moreover,  the  bidders  were  encouraged  to 
propose  commercial  clauses  to  replace  standard  government 
clauses.  Again,  General  Dynamics’  experience  is  another  example 
that  both  government  RFPs  and  launch  contracts  have  ample  room 
for  streamlining. 

There  is  a  price  certification  clause  in  the  MLV-2  contract  that  is  typ¬ 
ical  of  government  contracts.  Its  purpose  is  to  make  sure  that,  if  a 
contractor  charges  any  other  customer  at  a  lower  price,  the  govern¬ 
ment  can  also  benefit  from  the  same  lower  price  through  the  existing 
contract.  In  the  case  of  space  launches,  where  G.S.  contractors  are 
facing  competition  from  heavily  subsidized  foreign  launch  providers, 
such  price  certification  might  preclude  a  contractor  from  meeting 
the  competition  by  lowering  the  price,  because  a  lower  price  would 
have  to  be  applied  to  government  contracts  and  would  erode  the 
contractor’s  profit. 

In  theory,  if  a  contract,  such  as  that  of  MLV-2,  results  from  competi¬ 
tive  bids,  there  is  no  need  for  such  a  clause.  In  a  market  economy,  a 
merchant  has  much  more  freedom  to  lower  the  price  of  his  mer¬ 
chandise  any  time  he  wants.  Government  contracts  should  not  re¬ 
strict  a  contractor’s  flexibility. 


^^Dennis  Dunbar,  Vice  President  of  Programs  and  Technical  Operations  for  General 
Dynamics  Commercial  Launch  Services,  Inc.,  Testimony  of  COMSTAC  Subcommittee 
on  Procurement  to  Subcommittee  on  Space  Science  and  Applications,  November  9, 
1989, 


36  An  Evolutionary  Approach  to  Space  Launch  Commercialization 


Before  winning  the  MLV-2  contract.  General  Dynamics  took  the  risk 
of  investing  in  the  development  of  Atlas  II  through  upgrading  the 
flight-proven  Atlas  I.^^  It  had  also  assumed  that  at  least  18  Atlas  II 
and  similar  versions  would  be  built  in  the  future.  In  contrast,  in  the 
past,  General  Dynamics  had  relied  on  the  government  to  fund 
launch  development  from  the  start.  By  March  1989,  a  year  after  the 
award  of  MLV-2,  General  Dynamics  planned  to  build  60  Atlases 
through  1997  and  have  a  launch  rate  of  eight  per  year.^s 

Both  General  Dynamics  and  McDonnell  Douglas  are  counting  on 
using  similar  vehicles  to  serve  the  military,  civilian,  and  commercial 
markets.  Also,  they  count  on  having  business  from  all  three  markets. 
In  contrast,  Martin  Marietta  relies  much  more  heavily  on  the  military 
market  for  Titan  business.  The  decision  might  have  been  greatly  in¬ 
fluenced  by  the  Air  Force’s  much  stronger  financial  commitment  to 
Titans  than  to  Atlases  and  Deltas.  The  Air  Force  committed  $14.6 
billion  for  55  Titans  and  only  $0.65  billion  for  Deltas  and  $0.52  billion 
for  Atlases.  Martin  might  have  relatively  less  incentive  to  go  after 
commercial  business.  More  important,  the  Air  Force-driven  perfor¬ 
mance  requirements  make  Titan  IV,  as  well  as  its  commercial  ver¬ 
sion,  Titan  III,  oversized  for  launching  commercial  satellites  one  at  a 
time.  Titan  III  can  launch  4200  to  5000  lb  to  geosynchronous  orbits. 
Martin  recently  decided  to  stop  matching  up  satellite  customers  who 
only  require  a  portion  of  the  Titan  111  capacity.  This  decision  has 
placed  Martin  at  a  disadvantage  with  its  key  competitor,  Ariane- 
space.  The  current  generation  of  launch  vehicles,  Ariane  4,  can  use  a 
combination  of  different  solid  and  liquid  strap-on  boosters  to  pro¬ 
vide  a  range  of  capacities  from  2000  to  5000  lb.  Arianespace  accepts 
orders  of  partial  payloads  and  typically  matches  them  to  be  launched 
one  to  three  satellites  at  a  time.  Arianespace  is  a  tough  competitor 
for  Martin,  because  Arianespace  offers  a  full  range  of  capacity  and  a 
very  competitive  price.  When  Ariane  5  comes  into  service  in  the  lat¬ 
ter  half  of  this  decade.  Titan  III  will  fare  even  worse,  because  Ariane  5 
is  expected  to  offer  greater  reliability,  higher  performance  (7500  lb  to 
geosynchronous  orbit  IGSO))  and  lower  cost  than  Ariane  4.  With  the 


2^"AtlasGoes  Commercial,"  Spaceflight,  September  1990,  pp.  299-303. 

25lbid.  General  Dynamics  plans  to  stretch  the  production  schedule  from  year  1997  to 
2000.  Debra  Polsky,  “Mission  Boosts  Atlas  Revenues,  But  Second  Write-off  Possible,” 
Space  News,  December  16-22,  1991,  p.  18. 
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Air  Force  providing  much  of  the  Titan  business,  Martin  might  natu¬ 
rally  try  to  focus  its  efforts  on  meeting  the  Air  Force’s  requirements 
and  compliance  standards.  Martin’s  strategy  is  likely  to  meet  the  Air 
Force’s  needs  first  and  then  gamer  whatever  commercial  business  it 
can  get.  It  would  be  hard  for  Martin  to  divert  much  of  its  financial 
and  management  resources  and  to  deviate  significantly  from  the  ba¬ 
sic  Titan  design  and  practices  for  the  commercial  business. 

This  discussion  is  not  to  suggest  that  the  Air  Force  should  reduce  its 
commitment  to  Titans.  After  all,  the  Air  Force  has  its  own  mission 
requirements  to  meet.  Rather,  the  point  is  that  the  Air  Force’s  ac¬ 
tions  have  a  strong  influence  on  whether  Titan  can  compete  in  the 
international  market.  One  path  is  to  have  Titan  primarily  serve  the 
heavy-lift  U.S.  government  market.  The  other  path  is,  at  the  Air 
Force’s  initiative,  to  streamline  the  manufacturing  process  and  to 
take  advantage  of  the  activities  related  to  NASA’s  various  ELV  tech¬ 
nology  programs  and  the  development  of  the  National  Launch  Sys¬ 
tem  (NLS)  to  make  some  Titan  versions  competitive  in  the  commer¬ 
cial  market. 


Navy 

The  Navy  is  more  amenable  to  commercial  launches  and  has  used 
commercial  launch  procurement  for  its  ten  UHF  Follow-on  satellites. 
These  satellites  are  of  highest  priority  to  the  Navy  and  are  urgently 
needed  to  replace  Fleet  Satellite  Communications  (FLTSATCOM) 
and  LEASAT  satellites.^®  A  key  reason  that  the  Navy  decided  on 
commercial  launch  procurement  is  that  it  had  a  rather  painful  expe¬ 
rience  with  government  launches.  NASA  was  in  charge  of  the 
launches  of  eight  FLTSATCOM  satellites.  Under  NASA’s  supervision 
and  control,  there  were  two  launch  failures  out  of  eight,  for  a  relia¬ 
bility  record  of  merely  75  percent.  The  Navy  estimated  that  these 
accidents  cost  over  $400  million.  On  the  other  hand,  the  Navy  had  a 
fine  experience  with  the  LEASAT  program,  which  simply  leases 
communication  services  after  satellites  are  successfully  operating  in 
orbit.  The  Navy’s  decision  for  a  commercial  launch  procurement 


26"Navy  Satellites  Approach  Critical  Replacement  Stage."  Aviation  Week  &  Space 
Technology,  March  21,  1988,  p.  50.  LEASATs  have  been  used  to  provide  the  Navy  with 
a  leased  satellite  relay  capability. 
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was  also  influenced  by  the  recent  DoD  and  national  space  directives 
that  encouraged  the  use  of  commercial  launch  procurement. 

Since  the  government  emphasizes  holding  program  managers  re¬ 
sponsible  for  the  outcomes  of  programs,  one  way  to  enhance  the 
chance  for  success  is  for  the  program  manager  to  structure  the  pro¬ 
curement  contract  so  that  the  contractor  has  strong  incentives  to  de¬ 
liver  payloads  to  orbit  on  time  and  within  budget.  In  the  UHF  Fol¬ 
low-on  contract,  for  example,  the  contract  stipulates  free  reflights. 
Moreover,  if  a  payload  is  lost,  the  Navy  will  be  reimbursed  80  percent 
of  the  satellite  cost.  There  are  delay  penalties  on  the  first  two  flights. 
The  Navy  probably  believes  that  these  provisions  will  give  Hughes 
stronger  incentives  than  a  traditional  government  contract  or  even 
than  the  more  recent  commercial-like  contract  in  ensuring  mission 
successes. 

There  has  been  continuing  debate  about  whether  the  commercial 
launches  of  UHF  Follow-on  satellites  will  save  the  Navy  money.  In  a 
report  on  the  National  Defense  Authorization  Act  for  FY  1990  and 
1991,  dated  July  19,  1989,  the  Senate  Armed  Services  Committee  di¬ 
rected  the  Under  Secretary  of  Defense  for  Acquisition  to  reevaluate 
the  Navy’s  plans  for  commercial-type  launches  of  UHF  Follow-ons. 
In  the  response,  the  Air  Force  was  stated  to  have  estimated  that 
procuring  launch  services  through  the  Air  Force’s  MLV-2  program 
could  save  $120  million  if  there  were  no  launch  failures  or  $78  mil¬ 
lion  for  one  failure.  The  Navy  disagreed.  With  no  failure,  the  Navy 
estimated  in  April  1990  that  commercial  procurement  would  have 
saved  $92  million  out  of  a  total  launch  cost  of  $801  million,  or  1 1  per- 
cent.2^  With  the  launch  reliability  record  of  Atlas  at  about  87  percent, 
it  is  much  more  likely  to  have  one  failure  than  none.  Based  on  the 
Navy  data,  we  estimated  that  the  savings  of  using  commercial 
procurement  could  be  $135  million,  or  16  percent,  for  ten  launches 
with  one  failure.  The  controversy  of  whether  commercial  launch 
procurement  saves  money  persists.  General  Robert  Dickman, 
Deputy  Director  of  Air  Force  space  acquisition,  told  the  House  Sci¬ 
ence  Space  Subcommittee  that  if  the  Atlas  continues  to  be  as  reliable 


^rReport  delivered  to  the  Committee  on  Armed  Services  by  Donald  |.  Yockey,  Principal 
Deputy,  the  Office  of  the  Under  Secretary  of  Defense,  on  April  6, 1990. 
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as  it  has  proved  over  time,  the  Navy  would  have  saved  money  by 
buying  Atlas  launch  services  throu^  the  Air  Force.^® 

There  are  two  other  reasons  that  the  Navy  is  more  amenable  to 
commercial  launch  procurement.  First,  the  UHF  Follow-on  satellite 
was  estimated  during  1989  to  be  only  $54  million,  relative  to  a  launch 
cost  of  about  $71  million.^®  In  contrast,  Air  Force  satellites  typically 
cost  more.  A  Defense  Support  Program  (DSP)  satellite  would  cost 
$221  million,  while  a  DSCS  HI  would  cost  $92  million.®"  All  else  being 
equal,  a  lower  satellite  cost  allows  one  to  be  more  willing  to  assume  a 
higher  risk  in  trying  out  the  newer  commercial  launch  procurement. 
Second,  UHF  Follow-on  satellites  are  replacements  of  FLTSATCOM. 
If  a  failure  occurred,  the  delay  would  be  manageable,  because  some 
FLTSATCOM  satellites  will  likely  remain  in  orbit.  Also,  the  planned 
launch  schedule  of  ten  UHF  Follow-ons  in  a  short  period  of  five  years 
allows  at  least  some  services,  albeit  at  a  lower  level.  Each  of  these 
UHF  Follow-on  satellites  will  have  a  minimum  life  expectancy  of  10 
years  and  a  mean  life  of  14  years.®'  In  other  words,  there  is  a  danger 
of  degraded  capacity  but  little  danger  of  a  complete  service  void  over 
a  certain  area.  In  contrast.  Air  Force  satellites,  such  as  DSP,  have  less 
redundancy,  and  the  possibility  of  a  gap  in  coverage  is  a  very  serious 
concern.  The  Air  Force  is  justifiably  more  reluctant  to  try  newer 
procurement  methods  that  reduce  their  control  and  oversight. 


Strategic  Defense  Initiative  Organization 

SDIO  has  used  commercial  launches  for  some  of  its  payloads.  It  pro¬ 
cured  a  Delta  1!  commercially  for  the  launch  of  LACE  (Low-Power 
Atmospheric  Compensation  Experiment)  and  RME  (Relay  Mirror  Ex¬ 
periment).  This  reflects  SDlO’s  faith  in  commercial  launch  pro- 


28“ Air  Force  rejects  commercial  launches,"  Military  Space,  July  29, 1991,  p.  6. 

29As  of  June,  1990,  the  average  price  of  a  UHF  Follow-on  satellite  remains  slightly 
under  $60  million.  The  cost  of  the  overall  UHF  program  is  slightly  under  $1.4  billion, 
with  satellites  and  launches  sharing  the  costs  about  equally.  Michael  A.  Domheim. 
"Navy  Likely  to  Add  New  Capability  to  UHF  Follow-on  Communications  Satellites." 
Aviation  Week  &  Space  Technology.  June  4, 1990,  p.  69. 

®"C.  L.  Whitehair,  “Co.sts  of  Space  and  Launch  Systems,"  The  Aerospace  Corporation, 
February  20,  1990. 

®'"Navy  Satellites  Approach  Critical  Replacement  Stage,"  Aviation  Week  &  Space 
Technology,  March  21, 1988,  p.  50. 
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curement,  because  LACE  and  RME  have  a  combined  price  tag  of  $275 
million  relative  to  a  launch  cost  of  merely  $38  million.  Colonel 
Thomas  W.  Meyer,  Director  of  the  SDIO  Directed  Energy  Office,  was 
quoted  as  saying  that  the  commercial  procurement  has  resulted  in 
an  estimated  savings  of  $13  to  $17  million, a  sizable  cost  reduction 
of  25  percent  to  31  percent. 

On  the  other  hand,  the  SDIO  procured  the  prior  three  Delta  vehicles 
for  the  Delta  180  series  of  launches  through  the  Air  Force.  They  were 
government  launches,  because  significant  modifications  to  the  sec¬ 
ond  stage  were  needed,  SDlO’s  launch  policy,  according  to  Colonel 
Gary  E.  Payton,  SDIO  Associate  Director  for  Technology,  is  to  use 
commercial  procurement  if  a  launch  is  straightforward  and  to  use 
government  procurement  if  substantial  modifications  are  necessary. 
We  agree  that  the  degree  of  launcher  modification  is  an  important 
determinant  in  selecting  commercial  or  government  launch  pro¬ 
curement.  Finally,  like  the  Navy,  SDIO  is  strongly  influenced  by  the 
directives  to  use  commercial  launch  services  whenever  possible. 


DAHPA 

DARPA  has  been  the  leading  sponsor  of  light  satellites  and  small 
launch  vehicles.  Orbital  Sciences  Corporation’s  Pegasus  and  Taurus 
launchers  have  benefited  greatly  from  DARPA’s  support.  Pegasus 
has  used  commercial  practices  exclusively,  and  the  same  is  expected 
of  Taurus.  Whereas  there  are  widely  differing  opinions  about  what 
launchers  for  which  payloads  should  be  commercialized,  there  is  a 
consensus  that  small  launchers  are  most  suitable  for  commercializa¬ 
tion.  Moreover,  small  DARPA  payloads  are  particularly  suitable  for 
commercial  launch  procurement,  because  experimental  or  devel¬ 
opmental  payloads  are  generally  less  time  critical  and  often  less  ex¬ 
pensive.  DARPA’s  Pegasus  launches  were  transferred  to  the  Air  Force 
in  1991  upon  the  completion  of  the  demonstration  phase.  Moreover, 
the  Air  Force  has  recently  awarded  its  own  AFSLV  (Air  Force  Small 
Launch  Vehicle)  contract  to  Orbital  Sciences  Corporation.  The  con¬ 
tract,  however,  consists  of  only  one  firm  launch  and  39  optional 


^^Edward  H.  Kolcum,  "SDl  Laser  Test  Satellites  Placed  in  Precise  Orbits,”  Aviation 
Week  &  Space  Technology.  February  19, 1990,  p.  25. 
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launches.  DARPA’s  Taurus  launches  are  also  expected  to  be  trans¬ 
ferred  to  the  Air  Force. 


Army 

The  Army’s  space  policy  has  been  to  rely  on  national  satellites  pro¬ 
cured  by  the  other  services,  rather  than  procuring  satellites  dedi¬ 
cated  for  its  own  use.  The  Army  uses  such  satellites  as  DSCS,  GPS. 
DSP,  and  the  Defense  Meteorological  Satellite  Program  (DMSP)  as 
force  multipliers  for  its  AirLand  batde- fighting  doctrine.  Our  study  of 
various  Air  Force  launch  and  satellite  programs  will  automatically 
cover  those  satellites  used  by  the  Army.  In  this  report,  we  do  not 
evaluate  Army  launch  needs  separately.  Such  needs  might,  however, 
arise  in  the  future.  There  are  studies  that  recommend  that  the  Army 
obtain  satellites  of  its  own  for  such  missions  as  over-the-horizon 
surveillance  or  in-theater  mobile  communications. 

Department  of  Commerce 

Among  government  agencies,  the  Department  of  Commerce  (DoC)  is 
the  most  concerned  about  the  competitiveness  of  the  U.S.  launch  in¬ 
dustry  in  the  international  market.  The  DoC  is  naturally  concerned 
that  the  low  launch  prices  offered,  especially  by  such  nonmarket 
providers  as  the  PRC  and  the  CIS,  have  unfairly  wrested  business 
from  U.S.  launch  providers.  On  the  other  hand,  banning  or  limiting 
U.S.  satellites  to  be  delivered  by  these  foreign,  heavily  subsidized 
launchers  is  not  a  long-term  solution.  Foreign  satellite  makers  can 
undercut  us  by  offering  package  deals  that  use  cheap  launchers.  The 
DoC  is  particularly  interested  in  ways  to  lower  the  cost  structure  in 
the  U.S.  launch  industry.  Since  the  U.S.  government  is  the  major 
customer,  many  of  its  oversight  and  documentation  requirements 
are  incorporated  into  the  industry’s  manufacturing  and  manage¬ 
ment  process.  For  example,  if  a  government  launch  contract  de¬ 
mands  the  right  to  approve  the  manufacture  of  a  launch  vehicle  at 
various  checkpoints,  a  contractor  would  design  the  manufacturing 
process  and  the  internal  data  management  system  to  accommodate 
such  requirements.  Since  the  same  type  of  launcher  is  generally 
used  for  both  government  and  commercial  payloads,  a  contractor 
will  use  the  same  process  and  system  for  both,  because  a  launcher  is 
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not  designated  for  a  specific  payload  until  near  the  very  end  of  pro¬ 
duction.  Therefore,  if  the  government  requirements  increased  the 
manufacturing  cost  for  government  buys,  they  would  increase  the 
cost  for  commercial  buys  as  well.  The  DoC  does  not  want  govern¬ 
ment  requirements  to  increase  the  launch  cost  for  commercial  pay- 
loads. 


Department  of  Transportation 

The  Commercial  Space  Launch  Act  of  1984  designated  the  Depart¬ 
ment  of  Transportation  (DoT)  "as  the  lead  Federal  agency  to  facili¬ 
tate  and  expedite  the  issuance  and  transfer  of  commercial  space 
launch  licenses.”  The  Act  also  requires  “any  person  engaged  in  non- 
Govemment  launch  operations  in  the  United  States  to  obtain  a  li¬ 
cense.”  Consequently,  DoT  is  most  concerned  about  which  launches 
are  considered  government  launches  and  which  are  nongovernment. 
Only  '^he  latter  category  is  under  the  jurisdiction  of  DoT.  According 
to  our  launch  classification,  both  government  and  commercial-like 
launches  are  officially  “government  launches,”  and  only  commercial 
launches  are  “nongovernment.”  The  DoT  has  expended  great  effort 
in  establishing  regulations  for  nongovernment  launches  or,  as  desig¬ 
nated  in  this  report,  commercial  launches.  DoT  is  striking  a  balance 
between  ensuring  public  safety  and  avoiding  burdensome  regula¬ 
tions. 

The  DoT  generally  treats  space  launch  as  a  mode  of  transportation 
that  is  not  fundamentally  different  from  aircraft,  motor  vehicles, 
trains,  or  ships.  In  a  major  study,  the  Licensing  Programs  Division  of 
the  Office  of  Commercial  Space  Transportation  concluded  that 
“while  there  may  be  some  specific  military  payloads  which  for  rea¬ 
sons  of  their  necessity  to  national  security,  need  for  special  hardware 
support,  or  requirements  of  coordination  with  other  nations,  are  ap¬ 
propriately  launched  by  the  military  itself,  the  majority  of  military 
requirements  can  be  fully  met  by  commercial  firms.”^^ 


3^1.icensing  Programs  Division,  Office  of  Commercial  Space  Transportation, 
Department  of  Transportation.  National  Space  Transportation  Infrastructure:  The 
Commercial  Impact,  August  1988,  p.  2. 
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U.S.  Launch  Contractors 

Traditionally,  NASA  and  the  Air  Force  have  purchased  launch  vehi¬ 
cles  from  the  U.S.  launch  industry  and  controlled  their  launches.  In 
fact,  NASA  and  the  Air  Force  have  also  controlled  many  aspects  of 
vehicle  design  and  manufacturing  through  specification,  inspection, 
milestones,  and  other  types  of  review  and  oversight.  The  first  com¬ 
mercial  launch  or  launch  under  the  control  of  the  contractor  oc¬ 
curred  in  August  1989.  Although  the  launch  industry  has  in  recent 
years  invested  over  $600  miUion  of  its  own  funds  in  improvements  of 
launch  manufacturing  and  processing  facilities,  much  of  its  manu¬ 
facturing  infrastructure  was  funded  by  the  government,  and  it  con¬ 
tinues  to  use  Air  Force  launch  sites,  facilities,  and  personnel  for 
launch  processing.  It  also  found  some  of  the  government  oversight 
useful  in  providing  an  independent  check.  More  important,  it  de¬ 
pends  on  the  government  for  the  bulk  of  the  launch  business.  These 
considerations  make  industry  an  unlikely  candidate  to  do  things  that 
would  displease  the  government  clients.  The  best  we  can  hope  for  is 
that  when  industry  finds  areas  in  which  the  government  could  relax 
documentation  and  reporting  requirements,  it  would  make  them 
known  to  the  government.  It  would  be  up  to  the  government  to  take 
the  initiative  for  streamlining  action.  Through  the  Commercial 
Space  Transportation  Advisory  Committee  (COMSTAC),  the  launch 
industry  has  been  making  its  recommendations  known  to  the 
Secretary  of  Transportation  and  other  launch  planners. 


_ Chapter  Four 

A  MODEL  FOR  SELECTING  A  LAUNCH 
PROCUREMENT  TYPE 


INTRODUCTION 

Many  factors  determine  how  a  DoD  launch  contract  should  be  pro¬ 
cured — by  GL,  CLL,  or  CL  In  this  chapter,  we  use  a  model  to  capture 
the  monetary  tradeoff  of  two  key  factors:  the  potential  cost  savings 
and  possible  lower  reliability  in  using  a  particular  type  of  procure¬ 
ment,  Chapter  Five  will  discuss  those  key  factors  that  are  difficult  to 
measure  in  monetary  terms,  including  the  extent  of  contract  modifi¬ 
cations  during  contract  performance,  the  likelihood  and  degree  of 
mission  delay  if  a  particular  procurement  type  is  used,  and  the  feasi¬ 
bility  of  switching  back  to  a  more  closely  monitored  contract  if  too 
many  launches  fail.  We  will  develop  the  model  and  then  apply  it  to 
four  existing  launch  contracts  and  one  upcoming  one:  MLV-1  for 
GPS  launches.  MLV-2  for  DSCS-III  launches.  Titan  IV  program  for 
DSP-BL  IV  launches,  the  Navy/Hughes  contract  for  UHF-FO  (UHF 
Follow-on)  and  the  upcoming  MLV-3  for  GPS-FO.  We  want  to  see 
whether  our  model  indicates  that  the  existing  contracts  should  have 
been  procured  differently — for  example,  commercial  launches  in¬ 
stead  of  government  or  commercial-like  launches.  We  also  want  to 
know  what  type  of  procurement  contract  is  recommended  by  our 
model  for  the  upcoming  MLV-3. 


MODEL  OBJECTIVES 

Much  of  the  current  debate  on  whether  DoD  should  use  commercial 
launches  hinges  on  their  reliabiiity.  Commercialization  advocates 
argue  that  commercial  launches  are  as  reliable  as  government 
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launches.  The  opponents  worry  that  commercial  launches  either  are 
less  reliable  or  have  too  small  a  sample  to  provide  high  confidence 
that  they  are  as  reliable.  The  oppcnents  fiirther  argue  that  they  can¬ 
not  afford  to  find  out. 

The  problem  stems  from  many  program  managers’  unwillingness, 
with  good  justification,  to  trade  a  much  longer  reliability  track  record 
in  government  launches  for  cost  savings  in  commercial  launches. 
We  think  that  DoD  might  consider  a  different  approach,  namely, 
adding  some  features  to  commercial  launches  so  that  a  payload’s 
mission  performance  success  depends  less  on  individual  launch  suc¬ 
cess,  The  strategy  is  to  see  whether  commercial  launches  can  be  de¬ 
signed  for  certain  DoD  payloads  so  that  commercial  launches  are 
more  comparable  to  government  launches  in  every  important  way — 
cost,  timeliness  of  payload’s  mission  performance,  and  the  like.  In 
other  words,  a  program  manager  does  not  have  to  do  much  trading 
off,  something  that  he  does  not  want  to  do  in  the  first  place.  If  such 
commercial  launches  can  be  designed  and  DoD  payloads  can  be 
found,  we  can  commercialize  those  launches  first. 

A  program  manager's  worries  in  going  commercial  are  mostly  that 
the  actual  commercial  launch  record  could  turn  out  to  be  worse  than 
the  current  record,  which  consists  of  only  a  small  sample,  and  that 
the  current  commercial  reliability  record  is  inapplicable  to  his 
“unique”  payloads.  He  is  concerned  about  (i)  possible  mission  delay 
and  (ii)  the  potential  monetary  loss  of  the  payload  and/or  the 
launcher.  We  believe  that  the  former  can  be  reduced  by  having  a 
backup  satellite  and  launcher  at  the  launch  site  and  that  the  latter 
can  be  alleviated  by  purchasing  insurance  on  both  the  satellite  and 
launcher. 

As  discussed  above,  our  model  is  based  on  the  premise  that  one  way 
to  convince  a  program  manager  to  switch  from  government  or  com- 
mercial-like  launches  to  commercial  launches  is  to  show  that  he  will 
save  money  without  added  worry  of  degraded  or  delayed  mission 
performance.  We  assume  that,  if  commercial  launches  are  chosen, 
the  procurement  contract  will  include  the  cost  and  provisions  to 
support  a  backup  satellite  and  launcher  (Table  4.1). 

The  backup  can  be  useful  in  three  .situations.  First,  if  there  is  a  delay 
in  the  manufacturing  of  launchers  and  satellites,  the  backup  can  re¬ 
duce  a  delay  in  the  launch  schedule.  Second,  if  a  launch  fails,  the 
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Table  4.1 

Launch  Selection  Model 


•  Objective;  same  number  of  satellites  in  orbit 

•  .Assumes  Cl.  would  have 

—  Lower  cost  per  launch 
—  Lower  reliability 

•  Compensated  by  additional  launches 

•  (Compensated  by  a  backup  launcher  and  satellite  at  launch  site 

•  Compensated  by  an  insurance  option  to  ensure  funds  for  replacimien! 


j  How  low  can  CL’s  reliability  be  | 
j  before  wiping  out  its  savings?  i 


backup  can  be  used  immediately  after  the  standdown.'  The  stand- 
down  times  for  ELVs  range  from  2.8  months  to  5.2  months.-  Without 
a  backup,  it  might  take  longer  to  catch  up  on  the  satellite  deployment 
schedule.  Third,  a  satellite  manager's  key  worry  is  that  should  a  crisis 
or  war  develop  during  a  standdown,  the  satellite  would  not  be  in 
place  when  it  is  needed  the  most.  In  such  a  circumstance,  a  backup 
might  be  considered  for  emergency  launch  even  before  the  post- 
failure  investigation  is  fully  completed.  The  time  to  process  and 
integrate  the  backup  satellite  and  launcher  will  be  about  a  couple  of 
months.  Such  a  launch  is  especially  justified  in  cases  where 
preliminary  investigation  provides  high  confidence  that  the  cause  of 
failure  is  nut  generic  or  can  be  fixed  quickly  in  the  backup. ' 


•After  an  in-flight  failure,  the  current  practice  is  lo  stop  launching  vehicles  with  a 
similar  design  or  that  use  the  same  suspected  failed  euiiipmeni.  The  failure  is  invesli 
gated,  and  design  or  procedural  changes  are  recommended,  implemented,  tested,  and 
validated.  I'he  time  from  failure  to  resumption  of  launch  is  calk'd  the  standdown 
time. 

2The  data  were  through  April  ,3.  >987.  The  average  standdowm  time  for  IX'lta  in  12 
failures  since  1 960  was  2.8  months.  That  of  Atias/Centaiir  was  4, 1  months  in  >en  fail 
ures  since  1962.  Titan  Ills  had  5.2  months  in  ten  failures  since  1963.  In  contrast,  the 
shuttle  had  a  much  longer  standdown  lime,  over  24  months,  for  its  single  failure 
Harry  fiern.sfein,  ".Space  launch  Systems  Resiliency."  the  Aero.space  Corporation.  Pro- 
ceedini’s  of  the  Twenty-Fifth  Space  Congress.  Cocoa  Beach,  Florida,  April  26-29.  1988. 

■’Another  optirtn,  on-orbit  spares,  is  not  discu.s,spd  in  this  report  because  the  option  is 
the  same  for  all  three  ryptts  of  launch  procurement. 
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Take  the  example  of  launching  20  GPS  satellites.  The  existing  MLV- 1 
has  a  commercial-like  launch  contract.  Had  the  Air  Force  procured 
MLV-1  commercially,  we  would  assume  that,  even  during  the  first 
launch,  an  additional  satellite  and  launcher  would  be  available  as  a 
backup.  One  does  not  need,  however,  to  buy  an  extra  satellite  and 
launcher  in  the  program  for  the  backup;  one  only  has  to  buy  the  ad¬ 
ditional  pair  early.  If  the  very  first  launch  is  delayed  or  fails,  the 
backup  could  be  used  in  one  of  the  three  ways  described  above.  If 
the  first  launch  succeeds,  the  backup  could  be  used  for  the  next 
scheduled  launch,  and  the  newly  produced  satellite  and  launcher 
could  be  used  as  backup  for  the  second  launch.  This  rotational 
scheme  prevents  the  backup  from  becoming  obsolete  and  avoids  the 
need  for  procuring  an  extra  satellite  and  launcher.  As  for  cost  impli¬ 
cations,  this  backup  scheme  is  equivalent  to  the  purchase  of  the  last 
satellite  and  launcher  in  the  program  at  the  same  time  as  purchase  of 
the  first  satellite  and  launcher.  There  will  be  an  additional  cost  for 
maintaining  the  backup  throughout  the  period  that  launches  are 
taking  place.'*  Finally,  our  backup  scheme  makes  the  model  unsuit¬ 
able  for  the  analysis  of  a  launch  program  consisting  of  only  one 
satellite. 

An  early  purchase  is  more  costly  because  of  the  time  value  of  money, 
and  this  added  cost  has  been  factored  into  our  model.  While  standby 
is  an  attractive  concept  for  better  system  reliability  and  timeliness 
regardless  of  launch  procurement  type,  the  key  point  is  not  that  a 
commercial  launch  have  a  standby  but  that  provisions  have  been 
made  for  it. 


MODEL  DESCRIPTION 

We  are  now  ready  to  develop  a  model  that  will  allow  us  to  carry  out  a 
break-even  analysis  between  any  two  of  the  three  procurement 
types:  GL,  CLL,  and  CL.  For  ease  of  presentation,  our  formulas  com¬ 
pare  commercial  launch  procurement  (signified  by  letters  cl)  and 
government  procurement  (signified  by  letters  gl).  We  will  use  the 
same  formulas  for  comparing  commercial  procurement  with  com¬ 
mercial-like  procurement,  and  will  simply  substitute  the  parameters 
with  letters  ^  with  those  for  the  commercial-like  procurement  (cll). 
Figure  4.1  and  Table  4.2  show  the  approach  and  parameters  to  be 


^We  will  indicate  that  this  cost  is  relatively  insignificant. 
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used  in  the  model.  The  break-even  condition  is  the  changeover 
point  at  which  the  government’s  better  procurement  strategy 
changes  from  one  type  of  procurement  (GL  or  CLL)  to  the  other 
(CL).®  Since  the  condition  depends  on  whether  the  government 
mandates  the  launch  contract’s  inclusion  of  insurance  on  launchers 
and/or  satellites,  we  define  three  categories:  (1)  no  insurance,  (2)  in¬ 
sured  launcher,  and  (3)  insured  launcher/ satellite.  These  three  cate¬ 
gories  can  be  used  in  two  ways.  First,  if  the  government  decides  on  a 
certain  insurance  policy,  it  can  use  the  model  to  determine  the  best 
procurement  method.  Second,  as  we  prefer,  the  government  uses  all 
three  categories  to  help  decide  on  both  the  most  suitable  insurance 
policy  and  the  most  effective  launch  procurement  method. 


70  80  90  100 

Launch  reliability  (percent) 

Figure  4. 1 — Determination  of  Break-Even  CL  Reliability 


®In  the  model,  we  group  CLL  with  GL  because  the  main  cases  of  study  are  GL  versus 
CL  and  CLL  versus  CL.  not  GL  versus  CI.L.  It  should  be  empliasized  that  the  model 
can  also  be  used  to  analyze  the  case  of  GL  versus  CLL  by  simply  replacing  CL  parame¬ 
ters  with  CLL  ones  in  the  formula. 
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Table  4.2 

Parameters  in  the  Procurement  Selection  Model 


S  -  satellite  cost  in  million  $ 


Lgl  =  cost,  excluding  insurance  premium  and  before  adjustment  for 
Lcll  launch  failures,  for  each  government,  commercial-like,  or  com  - 
let  mercial  launch  in  million  $ 

N  =  number  ofsatellites  that  one  wants  to  place  in  orbit 

Rgl  =  reliability  of  government,  commercial-like,  or  commercial 
Reel  launches  in  percent 


T  =  time  between  first  launch  and  last  launch  in  years 

Cbu  =  cost  ofmaintaining  the  backup  satellite  and  launcher  throughout 
the  period  T 

EIFR  =  extra  insurance  fee  rate  =  total  premium  rate  -  expected  launch 
failure  rate,  all  in  percent 

FlC  =  government's  investigation  cost  of  launch  failure 
t  =  discount  rate  in  percent 

Ft  =  present  value  factor  to  account  for  the  time  value  of  money  in  a 
stream  of  equal  payments 

UCSlxLgl  =  savingsper  launch  before  adjustment  for  launch 
UCSLcl.cll  failures  =  (l  -  1x1/ Lgl)*  1  DO  or  (1  -  Lcl/Lcll)*100  in  percent 

DR  =  difference  in  reliabilities,  (Rgl  -  Rcl)  or  (Rcll  -  Rcl) 


Ngl  =  number  of  government,  commercial-like,  or  commercial 
Nell  launches  =  100*N/Rgl,  etc. 

Ncl 


lgl  Id  Igs  Ics  =  denotes  whether  insurance  is  purchased  for  launchers  or  satel¬ 
lites.  For  example,  lgl  =  0  if  no  insurance  on  launcher  is  included 
in  a  GL  contract.  If  insurance  is  purchased,  lgl  =  EIFR 
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In  category  one,  the  government  does  not  intend  to  purchase  insur¬ 
ance  on  launchers  and  satellites.®  This  is  the  traditional  way  for  the 
government  to  procure  launch  services.  The  government  reasons 
that  it  has  enou^  projects  and  financial  resources  to  be  self-insured 
and  thus  can  save  by  not  paying  fees  to  a  profit-making  insurance 
company.  Unfortunately,  what  the  government  saves  in  fees  could 
be  overwhelmed  by  the  cost  of  oversupervision.  How  high  are  the 
fees?  To  begin,  we  must  discuss  what  launch  insurance  covers.  It 
generally  covers  two  types  of  accidents:  launch  failure  and  satellite 
initial  on-orbit  checkout  failure.  The  average  premium  was  stable  at 
about  10  percent  of  the  insured  value  (launcher  and/or  satellite) 
from  1976  to  1979  and  varied  considerably  thereafter.^  It  averaged  12 
percent  in  1981  and  6  percent  in  1982.  From  1983  to  1984,  it  fluc¬ 
tuated  between  5  percent  and  10  percent.  Then,  as  a  consequence  of 
increasing  launch  failure  rates,  the  premium  rose  almost  monotoni- 
cally  to  the  25  percent  level  by  1987.®  As  of  October  1991,  the  pre¬ 
mium  rates  stood  in  the  17  to  20  percent  range.®  The  probability  of 
failure  during  initial  satellite  checkout  is  attributable  to  the  manufac¬ 
turing  of  the  satellite. 

Since  the  current  study  deals  with  launch,  but  not  satellite,  procure¬ 
ment  types,  we  need  to  know  the  portion  of  the  premium  that  is  for 
the  coverage  of  launch  failure  alone.  Unfortunately,  the  premium  is 
seldom  broken  down  in  separate  rates  for  launch  failure  and  satellite 
checkout  failure.  Our  discussions  with  various  issuers  and  users  of 
insurance  indicate  that  launch  failure  coverage  accounts  for  some¬ 
what  more  than  half  of  the  premium  rate,  or  somewhat  higher  than 
8.5  to  10  percent.  The  precise  rate  will  depend  on  the  specific  launch 
record  of  the  launcher  type  under  consideration  and  many  other 
factors.  Based  on  recent  insurance  rates  charged  by  the  insurance 
industry  on  Deltas,  Atlases,  and  Titans,  we  deduced  that  the  pre¬ 
mium  rate  for  launch  failure  alone  is  about  4  percentage  points 


®ln  this  report,  insurance  refers  to  launch  insurance  against  the  loss  of  launchers 
and/or  satellites  during  launch  and  does  not  include  satellite  on-orbit  checkout  in¬ 
surance. 

^This  is  not  the  third-party  insurance  that  covers  the  damages  to  third  parties  such  as 
the  public  and  the  launch  site  facilities. 

®Giovanni  Gobbo,  “An  Insurer's  View  of  the  Space  Business."  S/Mice  Policy,  February 
1991,  pp.  47-49. 

®Daniel  Marcus,  "Record  Insurance  Deal  Sought,"  Space  News,  October  7-1.3, 1991,  pp. 
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above  the  expected  launch  failure  rate.’°  Thus,  we  use  an  extra  in¬ 
surance  fee  rate  of  4  percent  (see  Tables  4.1  and  4.3)  for  the  calcula¬ 
tions  in  this  report.*'  At  issue  is  whether  insurance  is  a  substitute  for 
government  oversight  to  ensure  launch  successes  and  whether 
insurance  can  reduce  oversight  cost  by  more  than  the  EIFR.  As  will 
be  discussed  in  the  section  on  Values  of  Unadjusted  Cost  Swings  Per 
Launch,  if  commercial  launch  procurement  can  reduce  launch  cost 
by  1 1-28  percent,  the  total  cost  savings  can  be  substantially  higher 
than  the  insurance  fees  of  4  percentage  points  on  launchers  and/or 
satellites. 

In  all  three  insurance  categories,  we  assume  that,  for  commercial 
launches,  a  satellite/launcher  backup  will  be  stored  at  the  launch 
site.  However,  the  backup  is  assumed  not  to  be  needed  for  the  gov¬ 
ernment  and  commercial-like  launches  under  comparison.  The 
model  can  be  generalized  by  assuming  that  government  and  com¬ 
mercial-like  procurements  could  also  have  backups,  but  that  there 
would  be  an  additional  satellite/launcher  backup  under  commercial 
procurement.  Since  both  assumptions  should  give  similar  results, 
we  will  not  provide  the  formulas  for  the  generalized  model. 

BREAK-EVEN  POINTS 

The  break-even  point  in  the  model  is  determined  by  equating  the 
total  costs  of  two  launch  procurement  alternatives.  For  example. 


Cost  of  government  launch  =  Cost  of  commercial  launch 


***The  premium  rate  is  the  sum  of  two  components:  the  expected  launch  failure  rate 
and  the  extra  insurance  fee  rate.  The  former  is  different  for  different  launchers.  The 
latter  is  charged  by  a  private  company  for  the  cost  of  doing  business  and  profit  and  is 
absent  if  the  government  is  self-insur^. 

"in  principle,  the  extra  insurance  fee  rate  could  be  lower  when  a  launch  contractor 
self-insures,  and  we  can  run  our  model  with  a  lower  EIFR  for  that  case.  In  practice, 
launch  contractors  want  to  hedge  against  this  kind  of  risk,  for  the  same  reason  that  in¬ 
ternational  companies  go  to  external  markets  to  hedge  against  exchange  rate  risks  or 
raw  material  price  fluctuations.  Therefore,  even  if  contractors  self-insure,  it  is  unlikely 
that  they  would  demand  an  EIFR  considerably  lower  than  what  an  outside  insurer 
would  charge.  Another  reason  for  self-insurance  is  when  contractors  cannot  obtain 
outside  insurance  for  launches,  say,  more  than  three  years  away. 
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Launch  cost 


Satellite  cost 


Cost  of  failure 
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Let  us  examine  what  each  term  represents.  The  terms  on  the  left- 
hand  side  are  the  cost  components  of  government  launches.  The 
first  term  is  the  expected  total  launch  cost  in  successfully  placing  N 
satellites  into  orbit.  The  number  of  launches  to  yield  N  successful 
launches  will  be  100*N/Rg  and  the  cost  is  100(N/Rg)Lg.  We  have 
used  100(N/Rg)Lg,  instead  of  100(N)Lg,  in  order  to  include  the  cost  of 
the  expected  number  of  launch  failures.  Instead  of  self-insurance,  if 
launcher  insurance  is  purchased  from  a  private  insurer,  we  should 
expect  that  the  insurer  will  charge  an  extra  fee,  which  is  above  the 
already  included  expected  launch  loss,  to  cover  administrative  costs 
and  to  earn  a  profit.  The  factor  is  represented  by  Igl,  which  is  equal 
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to  EIFR.  If  no  insurance  is  purchased,  one  simply  sets  Igl  to  zero. 
The  launch  cost  is  assumed  to  be  paid  in  equal  installments  starting 
at  the  first  launch  and  endutg  at  the  last  launch.  The  factor,  Ft,  ac¬ 
counts  for  the  time  value  of  money  for  these  installments  and  brings 
the  discounted  cost  to  the  reference  time,  that  of  first  launch. 

Similarly,  the  second  term  on  the  left-hand  side  represents  the  total 
satellite  cost  for  placing  N  satellites  in  orbit.  Again,  if  insurance  on 
the  satellite  is  purchased,  Igs  should  be  set  to  EIFR;  otherwise,  zero. 

The  third  term  represents  the  cost  to  the  government  in  investigating 
launch  failures. 

The  first  three  terms  on  the  right-hand  side  have  the  same  interpre¬ 
tation  as  those  on  the  left,  except  they  represent  commercial 
launches,  as  opposed  to  government  launches.  The  fourth  term  de¬ 
notes  the  cost  of  holding  a  satellite  and  launcher  as  backup.  The  last 
term  is  the  cost  of  maintaining  the  backup  throughout  the  period  T. 

Let  us  now  review  cases  with  and  without  insurance.  The  four  pa¬ 
rameters,  Igl,  Igs,  Id,  and  Ics,  denote  whether  insurance  is  purchased 
on  launchers  (1)  and/or  satellites  (s)  in  government  launch  procure¬ 
ment  (g)  and/or  commercial  launch  procurement  (c).  For  example, 
if  both  launchers  and  satellites  are  insured  in  a  commercial  launch 
contract  but  not  in  the  comparative  government  contract,  Id  and  Ics 
will  be  equal  to  the  extra  insurance  fee  rate,  EIFR,  and  Igl  and  Igs  will 
be  zero.  Looking  at  the  break-even  equation  somewhat  differently, 
we  have  assumed  that  a  reserve  has  been  established  to  cover  the 
uninsured,  expected  losses  as  a  result  of  launch  failures.  In  the  in¬ 
sured  case,  the  reserve  is  simply  used  for  a  part  of  the  insurance 
premium.  The  difference  between  the  insured  and  uninsured  cases 
is  that  in  the  former  one  has  to  pay  an  extra  insurance  fee  to  cover 
the  insurance  cost  of  doing  business  and  profit. 

The  equation  can  be  rearranged  to  yield  a  decision  rule  in  terms  of 
difference  in  reliabilities. 
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In  other  words,  if  the  reliability  of  government  launches  were  more 
than  DR  percentage  points  above  that  of  commercial  launches,  gov¬ 
ernment  launch  procurement  would  be  less  expensive.  If  it  were  less 
than  DR,  commercial  procurements  would  cost  less. 


MODEL  APPLICATION  TO  EXISTING  PROGRAMS 

The  model  is  now  to  be  applied  to  four  existing  cases  and  one  up¬ 
coming  case,  as  shown  in  Table  4.3.  In  this  section,  we  will  analyze 
whether  there  would  have  been  any  cost  savings  if  the  launch  con¬ 
tracts  for  the  four  cases  had  been  procured  differently.  We  will  also 
analyze  the  potential  cost  savings  in  procuring  MLV-3  commercially. 
In  the  next  chapter,  we  will  study  the  nonmonetary  advantages  and 
disadvantages  of  procuring  MLV-3  commercially. 

Table  4.3  lists  the  five  study  cases,  and  Table  4.4  gives  the  input 
parameters.  The  satellite  and  launch  costs  are  based  on  those  of  C.  L 
Whitehair.*^  The  reliability  values  were  based  on  the  records  of  the 


'2c.  L.  Whitehair,  "Costs  of  Space  and  launch  Systems,"  The  Aerospace  Corporation, 
February  20,  1990.  We  did  not,  however,  use  his  number  of  $25.2  million  for  a  GPS- 
Block-llR  satellite,  because  we  do  not  feel  confident  that  the  cost  of  a  GPS  satellite  can 
be  reduced  so  drastically.  Instead,  we  use  $46  million,  vibidh  is  the  cost  of  the  current 
GPS-Block-Il.  If  any  cost  reduction  materializes,  it  would  reinforce  our  conclusion 
that  CPS  F(^w-on  is  the  most  suitable  for  launch  commercialization  of  the  five 
programs  in  Table  4,2.  Moreover,  Whttehair's  launch  cost  can  be  considerably  hi^^er 
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Table  4.3 

Five  Study  Cases  for  Launch  Procurement 


Satellite 

User 

Contract 

Year 

Awarded 

Launcher 

Procurement 

Type 

DSP-BLIV 

Air  Force 

Titan  [V 

1985-1989 

Titan  IV 

GL 

GPS 

Air  Force 

MLV-1 

- 

Delta  11 

CLL 

DSCS-in 

Air  Force 

MLV-2 

1. 

Atlas  II 

CLL 

UHF-FO 

Navy 

Hughes/GD 

1988 

Atlas  11 

CL 

GPS-FO 

Air  Force 

MLV-3 

1992 

Undecided 

CLLinRFP 

Table  4.4 

Input  Parameters  of  Five  Study  Cases  for  Launch  Procurement 


Paiameters 

DSP-BLIV 

GPS 

DSCS-IIl 

UHF-FO 

GPS-FO 

Contractor  liability 

Neither 

Launcher 

Launcher 

Both 

Undecided 

S,  $mil 

221 

46 

84 

54 

46 

Lgl  or  Lcll 

218 

59 

61 

61 

59 

UCSLcll.glor 

0-20 

0-28 

0-28 

0-28 

0-28 

UCSLcl.cIl,  percent 

N 

5 

20 

7 

10 

20 

Rgl  or  Bell,  percent 

93.6 

94.3 

87.2 

87.2 

95.4 

T,  yrs 

4 

4 

4 

5 

5 

r.  percent 

10 

10 

10 

10 

10 

FTFR,  percent 

4 

4 

4 

4 

4 

FlC,  $mil 

10 

5 

7 

7 

5 

■SOURCE;  The  reliabilitie.s  data  are  explained  in  footnote  13.  Satellite  and  launcher 
costs  were  based  on  C.  L.  Whitehair,  “Costs  of  Space  and  Launch  Systems,"  The 
Aerospace  Corporation,  February  20. 1990. 


relevant  launches  since  1970.*3  We  use  a  discount  rate  of  10  percent 
as  reference.  In  the  section  on  Model  Application  to  the  MLV-3 


than  the  price  paid  to  a  launch  contractor,  because  in  addition  to  launcher 
manufacturing  and  payload  integration  costs,  Whitebait's  cost  includes  those  of 
launch  operations  and  government  furnished  support. 

'^We  used  three  sources  of  data  for  launch  reliabilities  (Karen  Poniatowski. 
"Expendable  !,aunch  Vehicle  Capabilities,  Constraints,  and  Costs,"  NASA  Office  of 
Space  Flight,  March  9, 1989;  Steven  f.  Isakowitz,  internarional  Reference  Guide  to  Space 
iMunch  Systems,  1991  Edition,  American  Institute  of  Aeronautics  and  Astronautics; 
and  Delta  and  Atlas/Centaur  data  compiled  by  McDonnell  Douglas  and  General 
Dynamics,  respectively).  All  these  data  are  consistent  except  those  for  Delta. 
Poniatowski  gave  100  successes  out  of  a  total  of  109  launches  for  the  1970-1988  period, 
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Contract,  we  will  show  that  our  results  and  conclusions  are  insensi¬ 
tive  to  the  discount  rate,  because  the  launch  performance  period  is 
short  and  at  most  five  years. 

We  have  not  included  values  for  Cbu,  the  cost  of  maintaining  the 
backup  throughout  the  period  when  the  satellites  in  the  program  are 
being  launched.  The  maintenance  cost  depends  on  the  required 
state  of  readiness.  We  expect,  however,  the  cost  to  be  relatively  in¬ 
significant  if  the  backup  is  not  maintained  on  pad.''* 


VALUES  OF  UNADJUSTED  COST  SAVINGS  PER  LAUNCH 

A  key  parameter  in  determining  the  attractiveness  of  commercial 
launches  is  the  unadjusted  cost  savings  per  launch,  UCSLa,b.  This  is 
the  savings  in  using  a,  instead  ofb,  type  of  launch  procurement.  For 
example,  a  and  b  can  be  commercial  launches  and  government 
launches,  respectively.  The  UCSLcl,gl  is  the  savings  per  launch  be¬ 
fore  adjustment  for  possible  launch  failure,  oackup  launcher/ 
satellite  cost,  and  insurance  cost.  The  cost  savings  may  come  from 
lower  labor  costs  associated  with  cost  and  technical  data  reporting  in 


while  Isakowitz  and  McDonnell  Douglas  both  gave  102  successes  out  of  108.  Our  ex¬ 
amination  revealed  that  the  latter  is  correct. 

We  calculated  the  reliability  figure  for  each  launcher  type  from  1970  to  the  end  of  the 
year  preceding  the  year  in  which  the  launch  contract  was  awarded.  We  will  use  the 
data  to  examine,  in  retrospect,  whether  it  would  ,iave  been  more  advantageous  to  pro¬ 
cure  a  launch  contract  differently.  Based  on  the  contract  award  years  shown  in  Table 
4..3.  we  used  the  cutoff  years  of  1906,  1987,  and  1987  for  MLV-1,  MLV-2,  and 
Hughes/Generai  Dynamics  (GD)  UHF-FO,  respectively.  For  Titan  IVs,  the  Air  Force 
had  made  initial  and  additional  purchases  from  1985  to  1989.  Since  our  interest  is  in 
the  launches  of  DSP-BL  rv  #18  to  #22,  we  use  a  cutoff  year  of  1988.  For  the  upcoming 
MLV-3.  the  winning  contractor  is  unknown,  so  we  used  the  Delta  figure  of  95.4  percent 
for  the  period  from  1970  to  June  30.  1991,  as  a  proxy.  In  the  section  on  Model 
Application  to  the  MLV-3  Contract,  we  will  show  that  our  analysis  and  conclusions  for 
the  case  of  MLV-3  are  not  sensitive  to  the  precise  value  of  reliability,  because  we  do 
not  compare  the  reliabilities  of  various  launchers  but  rather  the  different  types  of  pro¬ 
curement,  even  if  the  same  launchers  were  used. 

'  ^The  cost  would  be  high  if  the  backup  is  kept  on  pad  for  very  quick  response,  say, 
launchable  within  a  few  days.  If  DoD  requires  such  on-pad  readiness  for  vehicles  in 
the  Delta  11,  Allas  11,  and  Titan  IV  classes,  these  vehicles  will  form  a  special  type  of 
highly  responsive  launchers,  and  their  procurement  should  be  treated  separately  from 
those  covered  in  the  present  report,  which  deals  with  routine  military,  civil,  and  com¬ 
mercial  launches. 
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a  commercial,  as  opposed  to  a  government,  iaundi  contracL*^  if  die 
cost  to  manufacture  a  launcher  and  to  process  a  launch  under  a 
government  launch  contract  is  $100  million  and  that  under  a  com¬ 
mercial  launch  contract  is  $80  million,  the  UCSLchg^l  would  be  20 
percent.  If  the  commercial  launch  reliability  is  lower  and  a  backup  is 
used  in  commercial  launches,  the  adjusted  or  net  savings  per  launch 
would  be  less  or  could  even  be  negative.  A  negative  value  means  that 
the  commercial  launches  actually  cost  more  than  government 
launches,  after  all  costs  are  taken  into  account. 

There  are  three  ways  to  determine  UCSL.  First  one  may  think  that 
one  can  simply  observe  the  prices  charged  under  GL,  CIX,  and  CL 
launch  contracts  by  the  same  launch  providers  for  similar  payloads. 
All  three  major  launch  providers — Martin  Marietta,  General 
Dynamics,  and  McDonnell  Douglas — use  the  same  or  similar 
launchers  in  at  least  two  of  the  three  procurement  contracts. 
Unfortunately,  it  is  difficult  to  derive  meaningful  price  differentials  in 
this  way.  The  number  of  launches  in  a  GL  or  CLL  contract  is  gener¬ 
ally  much  higher  than  that  in  a  CL  contract.  The  adjustment  due  to 
bulk  buy  is  unknown.  On  the  other  hand,  government  launch  buyers 
often  demand  a  price  certification  that  requires,  if  a  lower  price  is 
charged  to  commercial  customers,  that  the  government  will  receive 
the  same  price  also.  Thus,  launch  providers  are  reluctant  to  charge  a 
commercial  customer  a  lower  price  for  fear  of  lowering  the  profit 
margin  on  government  contracts,  even  if  commercial  launches  are 
less  costly  to  supply.  What  makes  this  way  infeasible,  however,  is 
that  the  observed  price  for  CLs  has  already  been  affected  by  GLs  or 
CLLs.  Recall  that  contractors  use  the  same  production  line  and  mon¬ 
itoring  procedure  for  all  launchers,  because  at  the  time  of  production 
they  often  do  not  know  whether  a  particular  launcher  is  used  for  CL, 
CLL  or  GL.  Thus,  if  the  price  for  GL  or  CLL  is  high,  the  price  for  CL 
would  also  be  high.  What  we  are  really  interested  in  is  the  CL  price  if 
all  launchers  are  manufactured  and  processed  under  commercial 
launch  contracts,  not  some  under  CLs  at«l  some  under  GLs  and 
CLLs.  Since  all  three  major  launch  providers  serve  GLs  or  CLLs,  we 
cannot  observe  the  pure  CL  prices  in  the  mtuket  place. 


'^Wearecountingonly  the  savings  in  commercial  launches  realized  by  the  contractor. 
We  are  not  including  the  potential  savings  by  the  government  in  reducing  personnel 
monitoring  the  launcher  manufacturing  and  processing.  This  staff  may  have  to  be 
kept  if  the  Air  Force  wants  to  switch  out  of  a  commercial  launch  contract  quickly  in  the 
event  drat  oommercial  faunches  fate  far  worse  than  expected. 
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The  second  way  is  to  analyze  engineering  and  costs  to  determine  the 
price  differential.  One  can  start  with  the  launch  price  under  the  cur¬ 
rent  practice  of  mixed  CL,  CLL,  and/or  GL  launch  production.  Then, 
one  can  estimate  what  production  and  reporting  steps  and  costs 
could  have  been  saved  if  all  launch  contracts  were  CL.  All  three  ma¬ 
jor  launch  providers  are  able  to  perform  this  analysis,  and  they  can 
have  a  good  idea  what  that  savings  will  be.  They  will,  however,  be 
willing  to  reveal  the  amount  of  savings  in  public  only  if  their  major 
customer,  the  Air  Force,  gives  them  its  blessing.  Otherwise,  it  is  nat¬ 
ural  for  the  contractors  to  be  leery  of  displeasing  their  major  cus¬ 
tomer.  We  would  recommend  that  the  Air  Force  encourage  and  even 
sponsor  such  analyses. 

The  third  way  is  to  treat  CL,  CLL,  and  GL  as  options  in  the  request- 
for-proposal  (RFP)  and  to  request  that  the  bidders  provide  prices  for 
CL,  CLL,  and/or  GL.  Price  data  obtained  this  way  are  most  relevant 
because  all  three  procurements  are  for  exactly  the  same  launch  pro¬ 
gram.  This  is  how  we  decide  whether  to  buy  or  lease  a  car;  we  first 
get  quotes  for  both.  Why  should  the  government  ask  for  quotes  for 
only  GL,  CLL,  or  CL?  We  recommend  that  at  least  two  of  three  op¬ 
tions  (GL,  CLL,  and  CL)  be  used  in  RFPs. 

Although  a  comprehensive  data  base  is  lacking,  some  data  are  avail¬ 
able.  In  congressional  testimony,  Dennis  Dunbar,  Vice  President  of 
Programs  and  Technical  Operations  for  General  Dynamics 
Commercial  Launch  Services,  said  that  the  Air  Force  MLV-2  RFP 
called  for  specific  tailoring  to  accommodate  commercial  features. 
When  compared  with  General  Dynamics’  last  contract  under  fuIl-up 
Federal  Acquisition  Regulations  and  untailored  military  specifica¬ 
tions,  General  Dynamics'  specific  tailoring  of  the  government  speci¬ 
fications  resulted  in  a  64  percent  reduction  in  launch  cost;  20  percent 
is  attributed  to  its  commercial  approach.*®  This  indicates  that  going 
from  GL  to  CLL  could  save  20  percent.  On  the  other  hand,  the  Air 
Force  believes  that  the  savings  are  considerably  less.  We  use  a  range 
from  0  to  20  percent  for  UCSLcll,gl  in  our  analysis. 

There  are  also  some  data  for  the  savings  in  switching  from  CLL  to  CL, 
UCSLcl,cll.  In  the  procurement  for  launching  the  LACE/RME  satel¬ 
lite,  SDIO  obtained  bid  prices  for  both  CLL  and  CL.  The  average 


'^Testimony  of  CXtMSTAC  SubcommiUee  on  Procurement  to  Subcommittee  on  Space 
.Science  and  Application.^,  November  9, 1 989, 
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savings  in  CL,  UCSLcl,clI,  were  28  percent.'^  For  the  Navy's  (JHF-FO 
procurement,  there  were  data  for  both  CLL  and  CL.  Based  on  the 
Navy's  estimate  and  our  assumption  of  one  expected  launch  failure 
out  of  ten,  we  arrived  at  a  UCSLcLcIl  of  16  percent.’®  We  should 
emphasize  that  both  savings  were  estimated  under  the  assumption 
that  the  launch  provider  still  has  to  produce  and  launch  launchers  to 
meet  both  types  of  contracts — CLL  and  CL.  During  production,  the 
contractor  does  not  know  whether  the  launcher  is  for  CLL  or  CL,  or 
does  not  want  to  use  two  different  procedures  and  bookkeeping. 
Consequently,  some  CLL  costs  stay  with  CL.  The  CL  costs  would  be 
lower  or  the  savings  larger  than  16  percent  to  28  percent  if  a  launch 
provider  does  not  have  to  serve  CLLs  at  all.  On  the  other  hand,  for 
both  the  SDIO  and  Navy  procurements,  the  Air  Force  maintains  that 
savings  do  not  exist.  We  use  a  range  from  0  to  28  percent  for 
UCSLcLcll  in  our  analysis. 

The  cost  difference  between  CLL  and  CL  is  also  indicated  by  the 
amount  of  data  and  the  number  of  reports  that  the  contractor  is  re¬ 
quired  to  submit  to  the  customer  during  the  contract  performance 
period.  These  requirements  are  listed  as  Contract  Data  Require¬ 
ments  Lists  (CDRLs).  A  typical  CL  has  about  20  CDRLs,  whereas  a 
CLL  has  about  90.  The  CL  CDRLs  deal  with  data  essential  for  the 
compatibility  and  integration  of  the  satellite  to  the  launcher.  On  the 
other  hand,  CLL  CDRLs  require  the  contractor  to  submit  much  more 


’^Olonel  Thomas  W.  Meyer,  Director  of  SDIO  Directed  Energy  Office,  said  that  using 
a  commercial  procurement  for  launching  the  Ij\CE/RME  satellite  saved  an  estimated 
$i3-$17  million  over  the  cost  of  an  Air  Force  (commercial- like)  procurement.  Since 
SDIO  paid  $.38  million  for  the  launch,  the  commercial  procurement  is  on  average  28 
percent  lower  than  CLL.  (Edward  H.  Kolcum,  "SDl  l.aser  Test  Satellites  Placed  in 
Precise  Orbits,”  Aviation  Week  &  Space  Technology,  February  19,  1990,  pp.  24-2.S.) 

’  ®The  Air  Force  estimated  that  the  Navy’s  procurement  approach  (commercial)  would 
have  a  total  cost  of  $729.4  million,  a.ssuming  no  launch  failure,  and  the  Air  Force's 
approach  (Ml,V-2  or  commercial -like)  would  lead  to  a  total  cost  of  only  $609.0  million, 
rhe  Navy  stated  that  the  price  that  Hughes  paid  for  launch  services  is  $709.4,  not 
$729.4  million.  Moreover,  the  Navy  claimed  that  the  Air  Force  neglected  to  include 
$192  million  related  to  insurance,  launch  and  on-orbit  testing,  etc.  The  total  program 
using  the  commercial  procurement  would  have  been  $709.4  million,  whereas  a 
program  using  a  commercial-like  procurement  would  have  been  $801  million.  I  he 
UCSIxl.cIl  is  1 1  percent.  With  the  Atlas  launch  reliability  record  to  he  about  87  per¬ 
cent,  it  is  more  likely  to  have  one  failure  than  none.  Based  on  the  Navy  data,  we  esti¬ 
mated  that  the  savings  of  using  commercial  procurement  could  be  $135  million,  or  16 
percent,  for  ten  launches  with  one  expected  failure.  "DHF  Follow-On  launch  (lost 
■Studies,”  transmitted  by  Donald  I.  Yockey.  Principal  Deputy,  the  Office  of  Under 
Secretary  of  Defense  for  Acquisition,  to  Senator  Sam  Nunn,  Chairman  of  Committee 
on  Armed  Services,  on  April  6,  1990, 
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detailed  launcher  technical,  cost,  and  progress  data,  which  might  not 
be  useful  in  monitoring  a  CL  or  CLL  fixed-price  contract.  The 
government  wants  to  know  about  and  approve  engineer  . ig  waivers, 
deviations,  and  changes.  It  asks  for  a  series  of  reports  on  monthly 
cost  variance,  future  funding  needs,  and  even  planrwide  indirect  cost 
data.  With  years  of  experience  in  launcher  manufacturing  and 
processes,  the  major  launch  contractors  have  the  capability  to  decide 
what  alterations  are  safe.  Moreover,  the  free  reflight  provision  in  a 
CLL  contract  should  provide  adequate  incentives  for  the  contractor 
to  be  very  cautious  in  trading  high  reliability  for  lower  cost.  The 
fi,xed-price  contract  further  protects  the  government  s  financial 
interest  from  contractor’s  cost  overrun.  Thus,  most  of  those  cost 
reports  seem  to  serve  little  purpose.  The  government  requirement  of 
a  Contract  WotN  Breakdown  Structure  (WBS)  and  associated  labor 
performance  and  cost  data  also  places  a  burden  on  the  launch 
contractor,  becau.se  it  normally  manages  its  program  through 
functional  orgaiii7ations  (such  as  accounting,  marketing,  produc¬ 
tion,  purchasing,  etc.)  rather  than  by  WBS.  The  contractor  is  forced 
to  keep  two  tracking  systems  instead  of  one.  All  these  requirements 
play  a  significant  role  in  making  these  contractors  allocate  about  half 
of  their  labor  for  preparing  and  managing  paperwork  and  only  half 
for  the  actual  hands-on  production  and  processing  of  launchers 
Based  on  our  interviews  with  launch  contractors  and  other  partici¬ 
pants  in  tile  launch  community,  we  believe  that  a  cost  savings,  espe¬ 
cially  at  the  tower  end  of  the  16  percent  to  28  percent  range,  in  going 
from  <T.L  to  (il,  is  achievable. 

Another  indicator  is  the  complexify  of  the  lU'f.  A  commercial  RFP 
can  he  less  than  100  pages,  wnereas  a  eommercial-like  UfP  runs  over 
1000  pages  filled  with  federal  Acquisitior’  Regulations,  military  stan¬ 
dards,  and  dot  umentation  requirements.  Not  only  is  the  prepara¬ 
tion  nl  a  bid  much  more  costiv  for  (T.L,  the  commitment  niade  in  the 
hid  and  resultant  contract  will  inevitablv  demand  high  l.ibnr  re¬ 
sources  ;ind  ( ost  to  fulfill. 


VALUES  OF  FlC 

I'he  governrneni  investigation  cost  of  launch  failur''  depends  on  the 
duration  of  invf'siigni'ion.  V\eas.sijme  that  the  duration  spans  the  full 
period  of  laiiru  h  standdown.  fhe  standdown  times  are  2.8.  4.1,  and 
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5.2  months  for  Delta,  Atlas/Centaur,  and  Titan,  respectively.'^  We 
further  assume  that  the  Air  Force  personnel  involved  in  the  investi¬ 
gation  amount  to  the  equivalent  of  100  full-time  persons  and  that  the 
annual  salary  and  other  expenses  per  person  are  $200,000.  Using 
these  figures,  we  arrive  at  $5,  $7,  and  $10  million  for  Delta, 
Atlas/Centaur,  and  Titan,  respectively. 


MODEL  APPLICATION  TO  THE  TITAN  IV  CONTRACT 

Our  model  is  first  applied  to  the  Titan  IV  contract,  which  we  classify 
as  a  government  launch  procurement.  Would  the  Air  Force  be  better 
off  if  a  commercial-like  launch  procurement  were  used  instead? 
Unlike  the  other  two  major  Air  Force  launch  contracts.  MLV-l  and  -2, 
Titan  IVs  are  procured  to  launch  satellites  with  many  different  mis¬ 
sions.  Our  example  here  is  the  launch  of  Block-IV  DSP  (Defense 
Support  Program)  satellites.  Table  4.4  shows  that  the  program  re¬ 
quires  the  launch  of  five  DSP  satellites  at  a  rate  of  one  per  year.  Titan 
IV  reliability  is  93.6  percent.  Each  government  Titan  W  launch  costs 
S218  million,  and  the  DSP  satellite  costs  $22 1  million. 

As  discussed  for  Titan  iV  in  Chapter  Three,  the  Titan  IV  contract  is 
well  approximated  by  the  no-insurance  category  in  which  the  con¬ 
tractor  is  not  liable  for  the  loss  of  launcher  or  satellite  in  the  event  of 
a  launch  failure.  Since  DSPs  and  other  Titan  IV  payloads  tend  to  be 
expensive  and  critical  satellites,  the  Air  Force  uses  the  GL  contract  so 
that  the  manufacturing  and  processing  of  the  launchers  are  under 
close  monitoring.  The  Air  Force  could  have  considered  CLl.  pro¬ 
curement,  where  government  monitoring  is  still  substantial.  This  is 
the  ca.se  we  examine  below.  We,  however,  do  not  consider  CL,  be¬ 
cause,  at  the  time  and  even  now.  the  Air  Force  would  be  highly  un¬ 
likely  to  leave  these  important  military'  payloads  fully  to  the  contrac¬ 
tor. 

As  pointed  out  in  the  section  on  Values  of  Unadjusted  Cost  Savings 
per  launch,  an  important  parameter  is  UCSlxll.gl,  which  is  assumed 
to  range  from  0  to  20  percent.  Figure  4.2  shows  that  the  total  cost 
savings  in  using  CLLs  was  unlikely  to  be  large.  Even  in  the  case  most 


'‘htarry  Bernstein.  "Space  launch  Systems  Resiliency,"  Prnceedirxfp  of  the  Tuvriry 
f  ifth  Sptue  Congress.  Cocua  Beach.  Elorida.  April  26-29,  19B8. 
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Savings  (+) 
or  penalties  (-) 


Figure  4.2 — Savings  or  Penalties  in  Choosing  Commercial-Like  Launches 
(DSP-BL IV  on  Titan  IV  and  no  insurance  on  launchers  and  satellites 

forCLLs) 

optimistic  to  CLLs,  in  which  the  unadjusted  cost  savings  per  launch 
is  20  percent  and  the  CLL  launch  reliability  is  as  high  as  GL's,  the 
savings  amounted  to  only  $70  million  or  7  percent  of  the  launch  pro¬ 
gram  cost.  The  launch  savings  shrank  from  the  unadjusted  20  per¬ 
cent  to  7  percent,  because  the  cost  of  keeping  a  backup  launcher/ 
satellite  for  CLLs  amounted  to  13  percent  of  launch  cost.  The  high 
backup  cost  is  a  result  of  having  merely  five  DSPs  in  the  launch  pro¬ 
gram  and  the  infrequent  launch  of  only  one  DSP  per  year.  The 
longer  the  launch  program,  the  higher  the  cost  of  buying  the  pair  of 
launcher  and  satellite  early,  because  of  the  time  value  of  money. 
Moreover,  the  fewer  the  number  of  satellites  in  the  program,  the 
higher  the  backup  cost  per  launch,  because  there  are  fewer  satellites 
or  launches  to  spread  the  backup  cost  over. 

T  he  Air  l-orce  could  further  maintain  that,  if  it  selected  CLU,  it  would 
insist  that  the  contractor  pays  for  the  loss  of  launchers  and  satellites 
resulting  from  launch  failures.  With  an  extra  insurance  fee  rate  of  4 
percent,  as  discu.ssed  in  the  .section  on  Model  Description,  the  $70 
million  savings  would  vanish  even  in  the  most  optimistic  CLL  case 
(Figure  4.3). 
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Figure  4.3 — Savings  or  Penalties  in  Choosing  Commercial-Like  l.aunches 
(DSPS-BL IV  on  Titan  IV  and  insurance  on  launchers  and  satellites 

for  CLLs) 


We  Iiave  found  that  savings  in  using  CLLs  for  Titan  IVs  would  have 
been  small  or  nonexistent.  Moreover,  at  the  time  that  the  Titan  IV 
contract  was  signed,  commercial-like  launches  had  not  begun,  and 
CLLs’  reliability  record  was  unknown.  Thus,  the  Air  Force  had  good 
reason  to  have  chosen  government  launches  for  Titan  IVs. 


MODEL  APPLICATION  TO  THE  MLV-1  CONTRACT 

In  1987,  the  Air  Force  used  a  commerciai-iike  launch  procurement 
for  the  launches  of  20  GPS  satellites  under  MLV-1.  Table  4.4  shows 
that  the  launch  rate  is  five  per  year.  The  Delta  reliability  at  the  time 
that  the  MLV-I  was  made  was  94.3  percent.  Each  commercial-like 
launch  of  Delta  II  costs  $59  million,  and  the  GPS  satellite  costs  $46 
million.  As  discussed  in  the  section  on  MLV-1,  the  pro%4sion  cover¬ 
ing  launch  failures  is  equivalent  to  an  insurance  on  launchers,  but 
not  satellites.  We  now  examine  whether  the  Air  Force  could  have 
saved  money  by  using  commercial,  instead  of  commercial-like, 
launch  procurement. 
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In  the  section  on  Values  of  Unadjusted  Cost  Savings  per  Launch,  we 
noted  that  the  important  parameter,  UCSLc!,cll,  ranges  from  0  to  28 
percent.  Figure  4.4  shows  the  total  cost  savings  as  a  function  of  un¬ 
adjusted  cost  savings  per  launch  and  the  reliability  differential.  The 
figure  shows  a  large  triangular  region  (above  the  horizontal  axis) 
where  a  commercial  procurement  of  MLV-1  would  have  produced 
considerable  savings.  At  the  most  optimistic  case  for  CLs.  the  savings 
could  have  been  $280  million  or  25  percent  of  the  launch  program 
cost.  Even  with  a  UCSLcI.cIl  of  16  percent,  the  savings  could  still  be 
$140  million  or  13  percent.  For  MLY-1,  the  UCSL  only  has  to  be  ad¬ 
justed  downward  by  about  3  percent,  because  the  backup  cost  is 
spread  over  a  large  number  of  satellites  (20). 

The  Air  Force  might  have  insisted  the  contractor  be  liable  for  the  loss 
of  satellites  as  a  condition  of  using  CLs  instead  of  CLI,s.  It  could  ar¬ 
gue  that  the  less  its  monitoring  is,  the  less  it  wants  to  assume  the  risk 
of  loss.  Figure  4.5  shows  the  case  in  which  the  contractor  carries 
insurance  on  both  launchers  and  satellites  in  the  CL  contract.  The 
extra  insurance  fee  on  satellites  reduces  the  savings  by  about  3  per¬ 
cent,  but  the  figure  shows  that  the  likelihood  of  savings  for  spiorting 
CLs  is  still  rather  high.  The  Air  Force  could  have  saved  money  by  us¬ 
ing  CLs,  instead  of  CLLs, 


Savings  (+) 
or  penalties  (-) 
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Figure  4.4 — Savings  or  Penalties  in  Choosing  Commercial  Launches 
(GPS  on  MLV-I  and  insurance  on  launchers  for  CLs) 
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Figure  4.5 — Savings  or  Penalties  in  Choosing  Commercial  Launches 
(GPS  on  MLV- 1  and  insurance  on  launchers  and  satellites  for  CLs) 


On  the  other  hand,  if  the  Air  Force’s  assessment  is  accurate. 
UCSLcl.cll  could  be  zero  or  close  to  it.  Then,  selecting  CLs  and  im¬ 
posing  backup  launcher/satellite  and/or  satellite  insurance  would 
result  in  a  loss  in  using  CLs  as  opposed  to  CLLs.  We  recommend 
that,  in  future  launch  contracts,  bidders  be  requested  to  give  prices 
on  CLs  and  CLLs.  These  prices  can  then  be  used  to  calculate 
the  important  parameter  UCSL  directly,  and  the  Air  Force  will  know 
whether  it  is  closer  to  0  or  28  percent. 

In  retrospect,  since  both  CL  and  CLL  Delta  IIs  have  had  a  perfect 
launch  record,  the  Air  Force  could  have  saved  money  by  using  CLs. 
instead  of  CLLs,  for  MLV-1.  On  the  other  hand,  the  first  commercial 
launch  did  not  occur  until  1989,  whereas  the  MLV-1  contract  was 
signed  in  1987.  Without  any  commercial  launch  experience,  it  was 
quite  reasonable  for  the  Air  Force  to  select  commercial-like,  instead 
of  commercial,  launches. 


MODEL  APPLICATION  TO  THE  MLV-2  CONTRACT 

In  1988,  the  Air  Force  used  a  CLL  procurement  for  MLV-2.  The  seven 
DSCS-III  satellite  payloads  are  to  be  launched  over  four  years.  Each 
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Atlas  II  launch  costs  $61  million  and  each  satellite,  $84  million.  The 
insurance  provisions  of  MLV-1  and  -2  contracts  are  similar:  the  con¬ 
tractor  will  provide  free  reflight  or  refund  for  a  launch  failure,  and  the 
loss  of  a  satellite  is  not  covered.  The  reliability  of  Atlas  II  was  87.2 
percent  at  the  time  the  decision  on  MLV-2  was  made. 

Comparing  Figures  4.6  and  4.7  for  MLV-2  with  Figures  4.4  and  4.5  for 
MLV-l,  we  found  that  the  triangular  region  of  savings  for  MLV-2  is 
much  smaller  than  that  for  MLV-1.  The  main  reason  is  that  the  seven 
payloads  in  the  MLV-2  launch  program  are  considerably  smaller 
than  the  20  payloads  in  MLV-1.  Therefore,  MLV-2  has  fewer  pay- 
loads  to  spread  the  backup  launcher/satellite  cost.  When  insurance 
is  extended  to  satellites  (Figures  4.5  and  4.7),  MLV-2  fares  worse  be¬ 
cause  DSCS-III  satellite  ($84  million)  costs  almost  twice  as  much  as  a 
GPS  satellite  ($46  million).  Thus,  if  the  Air  Force  insisted  on  having 
insurance  on  both  launchers  and  satellites  in  order  to  risk  trying 
commercial  launches,  higher  satellite  cost  and  thus  a  higher  extra  in¬ 
surance  fee  rate  would  make  CLs  for  MLV-2  less  attractive  than  CLs 
for  MLV-1.  In  addition  to  small  and  even  nonexistent  savings,  again 
there  was  no  CL  launch  record  when  the  MLV-2  contract  was  signed. 


Savings  {+) 
Of  penalties  (-) 


Figure  4.6 — Savings  or  Penalties  in  Choosing  Commercial  Launches 
(DSCS-in  on  MLV-2  and  insurance  on  launchers  for  CLs) 
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Figure  4.7— Savings  or  Penalties  in  Choosing  Commercial  Launches 
(DSCS-in  on  MLV-2  and  insurance  on  launchers  and  satellites  for  CLs) 


Therefore,  the  Air  Force  again  had  good  reasons  to  use  CLL,  instead 
of  CL,  procurement  for  MLV-2. 

MODEL  APPLICATION  TO  THE  HUGHES/GD  CONTRACT 

in  1988,  the  Navy  signed  a  contract  for  the  production  and  launch  of 
ten  UHF-FO  satellites.  Hughes  subsequently  signed  a  contract  with 
General  Dynamics  for  the  launches  at  a  rate  of  two  per  year.  This  is  a 
commercial  launch  contract  with  insurance  on  both  launchers  and 
satellites.  A  UHF-FO  satellite  costs  $54  million.  If  the  launch  cost 
and  reliability  for  CLLs  are  $61  million  and  87.2  percent,  the  launch 
cost  and  reliability  for  CLs  could  be  different.  Figure  4.8  reflects  the 
sensitivity  of  savings  or  penalties  to  CLs’  launch  cost  savings  and  re¬ 
liability  differentials.  By  comparing  Figures  4.4  and  4.8.  we  found  the 
likelihood  and  the  size  of  savings  lie  between  MLV-l  and  -2. 

The  unadjusted  cost  savings  per  launch  in  using  commercial 
launches  based  on  Navy  data  is  16  percent.  At  the  same  time,  the 
Navy  considers  that  commercial  launches  are  just  as  reliable  as 
commercial-likc  launches  (see  section  on  Navy  for  historical  back- 
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Figure  4.8 — Savings  or  Penalties  in  Choosing  Commercial  Launches 
(UHF-FO  on  Hughes/GD  and  insurance  on  launchers  and  satellites 

for  CLs) 

ground  on  choosing  CLs).  This  leads  to  a  launch  savings  of  9  percent. 
We  found  in  the  section  on  Comparison  of  Reliability  Records  of 
Three  Types  of  Launches  that  CLs  and  CLLs  with  the  same  reliability 
cannot  be  ruled  out  at  the  95  percent  confidence  level.  Thus,  the 
Navy  belief  in  no  reliability  differential  is  understandable  and  leads 
to  the  use  of  CLs  Instead  of  CLLs.  In  fact,  the  savings  could  be  higher. 
The  Navy  finds  no  need  for  backup  launcher  or  satellite  in  CLs.  If  no 
adjustment  is  made  to  the  launch  costs,  the  launch  savings  would  be 
the  same  as  the  unadjusted  savings,  or  16  percent. 


MODEL  APPLICATION  TO  THE  MLV-3  CONTRACT 

We  have  applied  the  model  to  four  major  launch  contracts — Titan 
IVs,  MLV-1,  MLV-2,  and  Hughes/GD — and  found  that  in  all  four 
cases  the  Air  Force  and  the  Navy  have  good  reasons  for  the  launch 
procurement  types  that  they  have  chosen.  We  now  apply  the  model 
to  the  upcoming  MLV-3  procurement  for  GPS-FO  satellites. 

The  RFP  issued  on  September  16,  1992,  stipulated  a  commercial-like 
launch  procurement.  The  Air  Force  anticipates  20  launches  at  an  av¬ 
erage  rate  of  4  launches  per  year  with  a  flexibility  of  two  additional 
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launches  per  year.  We  assume  a  launch  reliability  of  95.4  percent.^^ 
The  RFP  also  stipulated  a  60-day  callup,  which  requires  the  contrac¬ 
tor  to  launch  a  satellite  with  60  days  of  advance  notice.  The  contrac¬ 
tor  will  likely  meet  the  requirement  by  stockpiling  unassembled 
launch  components  at  the  launch  site.  Our  backup  arrangement 
specified  for  commercial  launches  will  meet  this  callup  provision 
quite  well.  Thus,  the  Air  Force  wants,  in  effect,  a  similar  backup  ar¬ 
rangement  for  commercial-like  launches  also.  Here,  we  assume  that 
there  is  one  additional  backup  in  CLs.^’  If  that  is  not  needed,  the  CL 
results  would  be  more  attractive  than  those  discussed  here. 

Figures  4.9  and  4.10  show  that  there  is  a  large  region  where  com¬ 
mercial  launches  can  be  more  economical  than  commercial-like 
launches.  For  example,  in  Figure  4.9,  if  the  unadjusted  cost  savings 
per  launch  is  16  percent  and  if  the  reliability  of  CLs  is  not  more  than 
6  percentage  points  below  that  of  CLLs,  CL  procurement  for  MLV-3 
will  be  less  expensive  than  CLL  procurement,  as  the  Air  Force  cur¬ 
rently  anticipates.  If  CLLs  and  CLs  have  the  same  reliability,  the 
savings  of  CL  procurement  can  be  $130  million  or  12  percent  of  the 
MLV-3  launch  program  cost.  On  the  other  hand,  if  the  Air  Force  is 
correct  in  estimating  that  the  UCSLcl.cll  is  1,  a  CL  procurement  can 
be  4  percent  more,  even  when  CLs  and  CLLs  have  the  same  reli¬ 
ability. 

We  suggest  that  a  good  way  to  find  out  is  to  request  the  bidders  on 
MLV-3  to  quote  prices  on  both  CLs  and  CLLs.  Then,  the  Air  Force 
will  know  whether  the  UCSL  is  close  to  1  or  other  values.  This  im¬ 
portant  piece  of  information  will  help  the  Air  Force  to  determine  the 
potential  savings  or  penalties  in  choosing  CLs. 


the  section  on  Model  Sensitivity,  we  will  show  that  the  results  are  insensitive  to 
other  reliability  values.  We  will  also  use  MLV-3  to  demonstrate  that  our  results  and 
recommendations  are  not  sensitive  to  the  discount  rate,  which  we  have  assumed  to  be 
10  percent. 

^“We  assume,  however,  that  the  cost  of  storage  areas  for  the  additional  backup  at  the 
launch  site  is  insignificant.  Spare  storage  space  would  probably  be  available.  If  not, 
the  construction  cost  for  additional  storage  is  small.  The  cost  for  satellite  storage 
would  be  about  $200,000  and  that  for  an  unassembled  space  launch  vehicle,  $300,000. 
The  total  cost  would  be  $500,000.  To  be  conservative,  we  assume  it  to  be  $1  million.  If 
the  building  cost  is  amortized  over  30  years  at  a  10  percent  discount  rate,  the  annual 
amortized  cost  is  $100,000.  For  example,  spread  over  four  GPS-FO  launches  per  year, 
the  added  cost  to  each  launch  is  $25,000.  Since  a  GPS-FO  launch  is  expected  to  be 
about  $60  million,  the  added  storage  cost  amounts  to  only  0.04  percent  and  is  neg¬ 
ligible. 
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Savings  (+) 
or  penalties  (-) 


Figure  4.9 — Savings  or  Penalties  in  Choosing  Commercial  Launches 
(GPS-FO  on  MLV-3  and  insurance  on  launchers  for  CLs) 


Savings  (+) 
or  penalties  (-) 


Figure  4.10 — Savings  or  Penalties  in  Choosing  Commercial  Launches 
(GPS-FO  on  MLV-3  and  insurance  on  laimchers  and  satellites  for  CLs) 
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The  pricing  data  will  also  allow  the  Air  Force  to  make  a  hybrid  com¬ 
parison.  The  Air  Force  is  worried  that  contractors  other  than 
McDonnell  Douglas  do  not  have  a  long  reliability  record  in  the  MLV- 
3  lift  range.  The  Air  Force’s  choice  of  CLLs  would  allow  adequate 
oversight  regardless  which  bidder  wins.  This  seems  fair,  but  actually 
may  impose  too  much  oversight  if  a  contractor  with  a  good  record 
wins.  There  is  no  need  to  apply  the  same  level  of  government 
oversight  to  all  contractors  regardless  of  their  experience  and  record. 
We  recommend  a  hybrid  approach  that  compares  commercial- 
launch  bids  from  contractors  with  good  records  with  commercial¬ 
like  launch  bids  from  contractors  with  short  records.  This  way,  the 
Air  Force  can  alleviate  its  worries  in  case  an  inexperienced  bidder 
wins  and  take  advantage  of  a  more  experienced  contractor. 

For  the  same  reason,  bidders  on  MLV-3  should  request  pricing  data 
for  options  on  insuring  launchers  and/or  satellites.  Some  parties  are 
concerned  that  new  competitors  may  be  excluded  because  they  can¬ 
not  obtain  insurance.  Those  who  cannot  obtain  outside  insurance 
can  self-insure.  If  a  new  competitor  can  neither  obtain  outside  in¬ 
surance  nor  is  financially  strong  enough  to  make  its  self-insurance 
credible,  the  government  will  incur  a  high  risk  in  selecting  such  a 
contractor  for  the  launches.  The  MLV-3  RFP  excludes  the  option  of 
buying  insurance  on  satellites.  We  believe  the  exclusion  has  a  higher 
likelihood  of  excluding  new  competitors  because  the  Air  Force  may 
not  be  willing  to  risk  the  financial  loss  of  satellites. 

Since  the  RFP  has  been  issued  and  has  ruled  out  CLs,  MLV-3  will  not 
go  commercial,  unless  the  Congress  or  the  new  Administration  inter¬ 
venes. 

In  addition  to  the  reliability  and  cost  tradeoff,  there  are  other  factors 
to  consider  in  deciding  which  launch  procurement  to  use.  These  fac¬ 
tors  are  discussed  in  Chapter  Five. 


MODEL  SENSITIVITY 

We  have  used  the  reliability  of  Delta  launchers  as  a  proxy  for  the 
above  calculations,  since  MLV-3  is  still  under  procurement  and  no 
contractor  has  been  selected  yet.  In  Figure  4.11,  we  have  made  a 
sensitivity  run  using  a  reliability  that  is  as  much  as  10  percentage 
points  lower  or  85.4  percent.  It  is  clear  that  our  results  are  insensitive 
to  the  value  used  for  the  CLL  reliability  for  all  three  cases  of 
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Figure  4.1 1 — Sensitivity  of  Savings  or  Penalties  to  CLL  Reliability 
(GPS-FO  on  MLV-3  and  insurance  or>  launchers  for  CLs) 


UCSLcl.cll.  The  results  are  sensitive  to  the  relative  reliability  differ¬ 
ence  of  CLLs  a  id  CLs,  RcII  -  Rcl,  not  to  the  absolute  value  of  Rcl). 
The  insensitivity  of  results  to  reliability  also  applies  to  the  other  four 
cases  in  Table  4.3. 

Figure  4.12  shows  that  our  results  are  not  sensitive  to  the  discount 
rate  used.  The  reason  is  that,  for  the  five  launch  programs  studied  in 
this  report,  a  program  lasts  at  most  five  years.  For  such  a  short  pe¬ 
riod,  the  discounted  launch  program  cost  is  not  very  sensitive  to  the 
discount  rate.  Moreover,  the  comparison  of  CLs  and  CLLs  amounts 
to  the  difference  of  two  program  costs,  and  the  difference  is  even  less 
sensitive  to  the  discount  rate. 
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Figure  4.12 — Sensitivity  of  Savings  or  Penalties  to  Discount  Rate 
(GPS-FO  on  MLV-3  and  insurance  on  launchers  for  CLs) 


I 


_ chapter  Five 

GUIDELINES  FOR  SELECTING  COMMERCIAL  LAUNCH 

PROCUREMENT 


In  this  chapter,  we  will  first  discuss  a  general  approach  to  launch 
commercialization.  We  then  apply  the  guidelines  to  the  upcoming 
MLV-3  launch  procurement. 

A  GENERAL  APPROACH  TO  LAUNCH 
COMMERCIALIZATION 

For  a  particular  satellite  program,  how  should  one  select  among  a 
commercial,  commerciai-Iike,  or  government  launch  procurement? 
And,  within  each  procurement  type,  there  are  variations  in  govern¬ 
ment  oversight  and  contractor  compliance.  We  hope  that  the  guide¬ 
lines  developed  here  will  help  us  decide  the  appropriate  level  of 
oversight  and  compliance.  Many  of  the  arguments  for  close  govern¬ 
ment  supervision  of  launch  manufacturing  and  processing  are  based 
on  the  concern  that  the  launch  contractors  have  limited  experience, 
having  launched  satellites  on  their  own  only  since  August  1989.  In 
reality,  launch  contractors  have  been  working  actively  side  by  side 
with  NASA  and  Air  Force  personnel  in  launch  activities  since  space 
launches  began.  There  are  also  security  concerns  for  some  highly 
classified  payloads,  although  the  U.S.  launch  providers  have  long 
participated  in  the  processing  of  these  payloads.  Some  further  argue 
that,  even  if  the  launch  industry  can  launch  commercial  satellites  on 
its  own,  it  needs  government  supervision  to  launch  certain  govern¬ 
ment  payloads,  because  the  launch  vehicles  might  have  to  be  tai¬ 
lored  for  specific  military  payloads  or  because  the  military  payloads 
are  simply  too  expensive  and  time  critical  to  be  totally  entrusted  to 
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launch  contractors.  The  implicit  assumption  is.  again,  that  govern¬ 
ment  supervision  improves  reliability  or  that  the  government  cannot 
afford  to  find  out  whether  contractors  can  provide  the  same 
reliability  on  their  own.  To  alleviate  these  concerns,  we  propose  an 
approach  consisting  of  the  following  elements: 

•  Adopt  an  evolutionary  approach  to  launch  commercialization, 

•  Emphasize  contractor  incentives,  instead  of  government  over¬ 
sight,  to  raise  reliability  and  lower  cost. 

•  Use  a  set  of  guidelines  for  selecting  which  payloads  should  use 
commercial  launches. 


An  Evolutionary  Approach 

The  government  has  long  been  interested  in  off-the-shelf  procure¬ 
ment  of  services  and  equipment.  Space  launch  services  have  many 
attributes  that  make  them  particularly  suitable  for  commercial  pro¬ 
curement,  First,  their  costs,  performance  and  reliability  can  be  mea¬ 
sured  easily,  so  the  government  can  monitor  them  to  determine 
whether  the  capability  and  record  continue  to  satisfy  requirements. 
Second,  few  payloads,  military  or  otherwise,  should  require  the 
modification  of  space  launch  vehicles.  For  ground  vehicles,  air¬ 
planes,  and  ships,  we  might  need  extra  speed,  armor,  and  durability 
for  military  applications.  For  space  launch  vehicles,  the  United 
States  has  not  been  worried,  thus  far,  that  its  adversary  would  attack 
space  launch  vehicles  in  flight.  The  hardness,  vibration-tolerance, 
and  other  requirements  for  military  and  commercial  launch  vehicles 
can  be  the  same,  although  there  should  be  room  for  exceptions  for 
military  or  commercial  payloads.  It  would,  however,  be  a  mistake  to 
design  military  payloads  that  routinely  reach  the  limit  of  our  heavi- 
est-lift  launch  vehicles  and,  worse  yet.  require  modification  of,  or 
unique  processing  procedures  for,  the  launch  vehicle.  With  a  declin¬ 
ing  defense  budget,  the  DoD  cannot  afford  many  launch  vehicles 
designed  exclusively  for  military  use.  On  the  other  hand,  the  short 
commercial  launch  record,  especially  for  the  Titan  IV  class,  rules  out 
the  possibility  of  total  launch  commercialization  at  this  time.  There¬ 
fore,  a  program  leading  to  more  launch  commercialization,  with  a 
pace  commensurate  with  the  evolving  commercial  launch  record, 
seems  reasonable  and  feasible.  We  should,  however,  be  open  to 
those  exceptions  that  require  close  government  launch  monitoring. 
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Some  might  think  that  the  most  conserv'ative  pace  of  commercial¬ 
ization  for  the  DoD  to  follow  would  be  government  launches  for  gov¬ 
ernment  payloads,  and  commercial  launches  only  when  the  launch 
record  clearly  meets  the  government’s  reliability  standards.  There  is 
a  problem  with  this  approach.  From  Table  3.3.  launches  for  com¬ 
mercial  customers  account  for  only  a  third  of  the  total  U.S.  launches. 
If  half  of  the  government  launches  were  procured  commercially,  it 
would  double  the  number  of  commercial  launches.  In  other  words, 
the  time  to  reach  the  same  number  of  commercial  launches  would 
be  half.  Thus,  without  any  help  from  the  government,  it  may  take 
twice  as  long  to  establish  a  commercial  launch  record.  For  the  Titan 
IV  class,  it  might  take  decades  to  establish  a  reasonably  confident 
commercial  launch  record  for  ‘he Titan  III,  the  Titan  l\'’s  commercial 
counterpart.  Moreover,  the  continued  heavy  investment  by 
Arianespace  on  its  Ariane  5  and  the  emerging  launch  competition 
from  Japan,  PRC,  and  CIS  (or  its  republics)  do  not  allow  us  to  wait 
much  longer.  VVe  need  government  payloads  to  establish  promptly  a 
commercial  launch  record. 

Emphasize  Contractor  Incentives  Instead  of  Government 
Oversight 

A  persistent  argument  for  close  government  control  and  monitoring 
is  that  certain  government  payloads  are  much  more  expensive  or 
time  critical  than  commercial  payloads.  Therefore,  government  in¬ 
volvement  is  needed  to  ensure  high  or  higher-than-commercial 
launch  reliability.  Unfortunately,  government  involvement  can  in¬ 
crease  the  cost  structure  not  only  for  government  launches  but  also 
for  commercial  launches.  The  launch  providers  cannot  afford  to  use 
two  different  management  systems,  manufacturing  procedures,  and 
launch  processing  for  government  and  commercial  launches.  Since 
the  government  accounts  for  about  two-thirds  of  the  launches,  the 
launch  providers  will  use  essentially  the  same  system  and  proce¬ 
dures  that  met  the  government  requirements  for  commercial 
launches.  Another  example  of  government  oversight  that  affects 
commercial  launches  is  test  control.  If  the  government  wants  an 
added  test,  who  pays  for  the  testing  and  delay?  The  government 
might  be  willing  to  pay  only  for  the  direct  cost  of  the  test  and  for  the 
added  cost  to  the  government  launch  resulting  from  the  delay.  On 
the  other  hand,  the  contractor  is  worried  that  an  added  test  de¬ 
manded  by  the  government  will  delay  not  only  the  government 
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launch  at  hand  but  also  the  commercial  launch  that  follows.  The 
contractor  wants  the  government  to  pay  for  the  delay  penalty  that 
the  contractor  has  promised  to  the  commercial  customer.  The  con¬ 
tractor  has  to  agree  to  such  conii'act  provisions  with  commercial 
customers,  because  not  agreeing  to  them  might  place  U.S.  launch 
providers  at  a  disadvantage.  Our  chief  competitor,  Arianespace,  has 
such  a  provision  and  processes  its  launches,  commercial  or  military, 
essentially  through  the  same  set  of  tests,  instead  of  oversight,  mea¬ 
sures  that  encourage  contractor  incentives  can  ensure  reliability. 
The  purchase  of  insurance  on  launchers  and  satellites  is  one  such 
measure. 

Although  the  government  traditionally  uses  self-insurance  to  save  on 
fees  and  commissions,  the  launch  procurement  trend  is  toward  in¬ 
creased  purchase  of  insurance.  In  our  discussions  of  MLV- 1  and  -2, 
we  explained  that  the  Air  Force  has  included  insurance  on  launchers 
in  these  contracts.  The  Navy’s  UHF-FO  program  has  insurance  on 
both  launchers  and  satellites.  Thus,  a  precedent  has  been  set  for  al¬ 
lowing  the  purchase  of  insurance  on  launchers  and  satellites.  How 
does  insurance  help? 

It  helps  in  two  ways.  First,  our  interviews  indicated  that  some  satel¬ 
lite  and  launch  managers  might  be  more  risk-averse  than  the  insur¬ 
ance  industry.  Such  managers  would,  therefore,  insist  on  govern¬ 
ment  approvals  of  many  checkpoints  and  on  contractor  submission 
of  numerous  documents,  even  if  excessive  monitoring  did  not  cost- 
effectively  enhance  reliability.  Requiring  that  a  launch  contractor 
purchase  insurance  could  be  cheaper.  At  the  same  time,  the  contrac¬ 
tor  also  has  a  strong  incentive  to  have  successful  launches.  Other¬ 
wise,  the  company's  future  insurance  premiums  will  be  higher,  or  its 
insurance  policy  might  even  he  canceled.  Second,  if  DoD  insists  that 
the  bidders  provide  quoted  prices  that  include  an  insurance  pre¬ 
mium,  the  insurance  industry  will  price  various  launchers  with  dif¬ 
ferent  launch  reliability  records  for  DoD  and  will  assume  the  uncer¬ 
tainties  and  risks,  which  many  DoD  managers  are  unwilling  to  take. 

Guidelines  for  Selecting  Commercial  Launches 

The  Air  Force  has  selected  commercial-like  procurement  for  the 
launches  of  GPS  and  DSCS  through  MLV-1  and  -2,  respectively.  It 
has,  h^M'ever,  selected  government  procurement  for  the  launches  of 
a  variety  of  payloads  through  Titan  IV  procurement.  The  Navy  and 
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SDIO  used  commercial  procurement  for  UHF-FOs  and  the 
LACE/RME  satellite,  respectively.  What  guidelines  should  they  fol¬ 
low  in  liie  future  to  procure  launch  services?  In  what  situations 
would  commercial  procurement  be  advisable?  We  will  list  the  key 
guidelines  in  terms  of  questions.  Later,  we  will  apply  the  guidelines 
to  the  upcoming  MLV-3  contracts. 

•  Does  the  procurement  selection  model  indicate  a  break-even 
point  so  favorable  that  commercial  launches  are  likely  to  be  less 
costly?  The  model  shows  the  tradeoff  between  potential  cost 
savings  and  lower  launch  reliability. 

•  Is  it  necessary  to  modify  the  launch  vehicle  to  accommodate  the 
payload? 

•  If  there  is  a  delay  in  delivery  to  orbit,  how  seriously  would  it  af 
feet  the  timeliness  and  quality  of  mission  performance? 

•  If  commercial  launch  is  selected,  is  it  feasible  to  switch  back  to 
commercial-like  or  government  launch  in  the  event  that  com¬ 
mercial  launches  fare  poorly?  If  so,  how  many  launch  failures  are 
tolerable  before  switching  back? 

Let  us  elaborate  on  these  guidelines.  If  the  procurement  selection 
model  gives  an  unfavorable  break-even  point,  the  benefits  of  com¬ 
mercial  launch  may  not  be  large  or  certain.  If  the  launch  vehicle 
needs  to  be  modified,  DoD  will  worry  that  the  modification  would 
make  the  past  launch  reliability  less  relevant.  Therefore,  an  added 
amount  of  government  supervision  might  be  required.  If  the  mission 
is  time  critical,  DoD  will  be  concerned  about  launch  failure  or  delay. 
Finally,  if  DoD  finds  it  impractical  to  switch  back  to  more  oversight 
in  the  event  that  the  commercial  launch  of  the  initial  payload  fared 
poorly,  DoD  may  not  want  to  try  commercial  launch  in  the  first 
place. 

The  issues  brought  out  by  these  questions  should  help  us  to  deter¬ 
mine  the  pace  of  launch  commercialization.  We  will  discuss  the  pace 
after  we  apply  these  questions  to  the  upcoming  MLV-3. 

SHOULD  MLV-3  USE  COMMERCIAL  PROCUREMENT? 

By  1993  or  1994,  the  launches  of  GPS  Block  Il/lIA  for  the  full  constel¬ 
lation  (21  satellites  plus  three  on-orbit  spares)  will  be  complete.  The 
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Air  Force  is  planning  to  procure  services  for  launching  replenish¬ 
ment  satellites,  GPS  Block  HR,  beginning  in  fiscal  year  1996.  We  be¬ 
lieve  that  the  MLV-3  procurement  is  vital  to  the  direction  and  pace  of 
launch  commercialization  for  two  reasons.  First,  there  are  few  exist¬ 
ing  and  planned  programs  that  involve  a  large  number  of  launches. 
The  MLV-3  contract  will  cover  20  launches.  If  the  Air  Force  chose 
commercial  procurement  for  these  launches,  it  would  clearly  show 
its  support  of  the  recent  DoD  and  national  space  policy  directives  to 
use  commercial  services  to  the  maximum  extent  possible.  Second, 
unlike  the  United  States’  largest  launch  program.  Titan  IV.  the 
launchers  for  GPS  are  within  the  most  relevant  lift-class  range  for 
commercial  launchers.  Therefore,  if  MLV-3  were  to  be  procured 
commercially,  it  would  have  the  strongest  influence  on  the  U.S. 
launch  industry's  competitiveness.  It  would  mean  a  large  added 
demand  for  commercial-class  launchers  without  the  added  cost  of 
compliance. 

The  current  indication  is,  however,  that  the  MLV-3  launches  will  be 
procured  in  a  commercial-like  manner  as  with  MLV- 1  and  -2.  Then, 
the  only  Air  Force  launch  programs  that  can  be  treated  as  commer¬ 
cially  procured  are  those  associated  with  small  launch  vehicles. 
Unfortunately,  these  small  launchers  do  not  have  the  capability  to 
deliver  geosynchronous  communication  satellites,  which  are  the 
most  important  ones  for  the  commercial  markets.  Without  strong 
support  from  the  Air  Force,  launch  commercialization  will  be  slow 
and  might  even  wilt.  On  the  other  hand,  we  need  to  examine  what 
risk  the  Air  Force  would  incur  by  using  commercial  procurement  for 
MLV-3.  Let  us  answer  the  questions  in  the  previous  section  in  turn. 


Procurement  Selection  Model  Results 

In  the  previous  chapter,  we  showed  that  the  likelihood  for  CL  pro¬ 
curement  of  MLV-3  to  be  less  expensive  than  CLL  procurement  is 
good,  especially  if  CLs  have  as  good  a  reliability  record  as  CLLs, 
Potential  launchers  for  MLV-3  include  Delta  II,  Atlas,  and,  if  up¬ 
graded.  Titan  11.  Table  3.1  shows  that,  as  of  July  7, 1992,  Delta  II  had 
1 1  commercial  launches  and  15  commercial-like  launches;  all  were 
successful.  Atlas  had  Five  commercial  launches  with  one  failure. 
Although  not  broken  out  in  Table  3.1,  Titan  II  had  two  government 
launches;  both  were  successful.  Thus,  the  commercial  launch  record 
came  essentially  from  Delta  Ils,  whose  launch  record  has  been  excel¬ 
lent.  There  is  no  indication  that  commercial  practices  have  degraded 
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Delta’s  launch  reliability.  Atlas  and  Titan  II  have  had  too  few  or  no 
commercial  launches  to  provide  a  commercial  reliability  record. 

Need  to  Modify  Launchers 

There  could  be  a  modest  growth  in  spacecraft  weight  that  requires  a 
small  upgrade  of  launcher  delivery  capability.  There  should,  how¬ 
ever,  be  no  need  to  modify  Delta.  Atlas,  or  Titan  in  any  substantial 
way  to  accommodate  GPS  HR. 

Impact  of  Delay  on  Timely  Performance 

What  is  the  likelihood  for  mission  delay,  if  CLs  are  used  for  MLV-3? 
GPS-FOs  constitute  a  unique  and  attractive  satellite  system.  When 
launches  of  GPS  HR  satellites  begin  in  FY  1996,  the  full  constellation 
of  GPS  II/ILA  (21  satellites  plus  three  spares)  will  have  been  estab¬ 
lished  for  only  two  years  (Table  5.1).  Even  if  commercial  launches 
turn  out  to  be  less  reliable  than  commercial-like  launches,  the  delay 
caused  by  using  commercial  launches  might  not  be  significant  for 
three  reasons. 

First,  historically  U.S.  satellites  have  demonstrated  a  longer  on-orbit 
life  than  originally  designed.  The  old  GPS  IIs,  as  well  as  the  on-orbit 
spares,  can  serve  as  substitutes  if  launch  delays  of  GPS  HRs  are  en¬ 
countered.  Current  on-orbit  GPS  satellites  consist  of  Blocks  1  and  II. 


Table  5.1 

Mission  Delay  and  Contract  Modification 
(GPS-FO  under  MLV-III) 

•  Is  mission  delay  bearable? 

—  A  GPS  constellation  (21  satellites  plus  3  spares)  will  have  been  established 

—  Constellation  degrades  gracefully  despite  launch  failures 

•  Two-dimensional  position  fixing  still  feasible 

•  Three-dimensional  many  hours  a  day 


No  substantial  contract  modifications 
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Block  1  satellites  are  already  lasting  on  average  three  years  longer 
than  their  designed  mission  duration  of  four  years.'  Since  some  of 
them  are  still  operating,  the  actual  average  mission  duration  will 
lurther  exceed  the  design  life.  Block  II  satellites  are  still  too  young  to 
know  tlieir  actual  average  life,  but  they  carry  ten  years  of  consum¬ 
ables,  indicating  that  the  designer  expects  them  to  last  beyond  the 
six-year  mean  mission  life.  Some  could  argue  that  old  GPS  satellites 
are  not  perfect  substitutes  for  the  GPS-FOs.  For  example,  nuclear 
hardening  is  being  added  to  the  GPS-FOs,  to  be  more  capable  in  a 
hostile  wartime  environment.  The  collapse  of  the  Soviet  empire 
makes  a  conflict  involving  nuclear  effects  on  satellites  highly  unlikely. 
It  is  even  more  unlikely  that  the  conflict  would  occur  at  a  time  when 
launch  delays  of  GPS-FOs  are  encountered  and  the  old  satellites  are 
being  used  as  substitutes.  Even  if  the  satellites  should  be  hardened 
against  nuclear  effects,  one  should  ask  whether  the  degree  of 
hardening  implemented  in  GPS-FOs  would  be  adequate  against 
nuclear  interference  and  whether  the  former  Soviet  republics  could 
destroy  hardened  GPSs.  Similarly,  although  auto-navigation  for  six 
months  is  a  desirable  feature,  GPS  ground  stations  in  the  United 
States  are  unlikely  to  be  under  attack.  Even  if  they  were,  a  few  sta¬ 
tions  for  monitoring  and  uplinks  might  still  be  available  for 
maintaining  the  few  old  GPS  satellites  being  used  as  substitutes. 

Second,  even  if  GPS  lls  were  not  available,  the  position-fixing  capa¬ 
bility  would  degrade  gracefully.  Lacking  a  full  constellation,  the  GPS 
satellites  can  still  provide  a  two-dimensional  (2D),  as  opposed  to  a 
three-dimensional  (3D),  position  fixing.  Also,  3D  is  feasible  for  many 
hours  of  the  day,  as  opposed  to  almost  24  hours  a  day.  For  many 
applications,  2D  will  suffice.  For  example,  since  the  altitude  of  ships 
is  zero,  2D  position  fixing  of  ship  location  is  adequate.  So  is  location 
finding  of  ground  soldiers.  For  aircraft,  the  altitude  can  be  deter¬ 
mined  by  other  means  such  as  radar.  Instead  of  18  satellites  for  con¬ 
tinuous  3D,  15  satellites  are  enough  to  perform  continuous  2D.  In 
fact,  even  with  as  few  as  12  satellites,  they  can  conduct  20  hours  of 
2D  fixing  and  12  hours  of  3D. 

Third,  our  suggestion  of  adding  a  backup  or  standby  payload/ 
launcher  to  the  commercial  launch  procurement  would  further  re- 


*Thomas  S.  Logsdon,  Global  Positioning  Systems:  Principles  and  Applications,  an  ex¬ 
tension  course  presented  at  University  of  California,  Irvine,  October  t-4,  1991, 
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duce  the  chance  of  delay.  It  should  be  emphasized  that  our  cost 
comparison  of  commercial  and  commercial-like  launches  has  in¬ 
cluded  the  standby  cost  for  a  commercial  launch  but  not  for  a  com¬ 
mercial-like  launch.  If  a  program  manager  does  not  find  a  standby 
for  a  commercial  launch  neces.sary,  then  the  commercial  launch 
could  be  even  less  expensive  and  more  attractive  than  a  commercial¬ 
like  launch. 

Penalties  of  Switching  from  CLs  to  CLLs 

A  general  contention  is  that  commercial  launches  are  less  reliable 
because  they  have  less  government  oversight.  The  commercial 
launch  record  is  too  short  to  confirm  or  deny  the  assertion  with  high 
confidence.  To  address  such  contentions,  we  can  add  a  switching  or 
cancellation  provision  in  a  commercial  launch  contract.  If  the  Air 
Force  decided  to  use  commercial  procurement  for  MLV-3,  but  com¬ 
mercial  launches  fare  far  worse  than  expected,  the  Air  Force  would 
have  the  right  to  reimpose  the  types  of  government  oversight  that  are 
common  in  a  commercial-like  procurement  for  the  remaining 
launches  or  to  cancel  the  contract.  How  practical  is  a  midcoursc 
switch  from  commercial  launches  to  commercial-like  launches? 
How  large  would  be  the  penalty  for  the  switch  or  cancellation? 

Since  the  current  plan  is  to  procure  MLV-3  in  a  commercial-like 
manner,  it  will  take  considerable  effort  to  convince  the  Air  Force  to 
use  commercial  procurement  instead.  If  the  Air  Force  finally  pro¬ 
cured  commercially,  it  would  be  undesirable  to  switch  out  of  com¬ 
mercial  procurement  prematurely,  because  the  Air  Force  might  not 
try  commercial  procurement  again  for  future  launch  programs  in 
this  commercially  important  medium-lift  class.  To  give  commercial 
procurement  the  best  chance  to  succeed,  we  believe  that  a  switch 
should  not  be  made  until  the  Air  Force  has  high  confidence  that  the 
commercial  launch  reliability  is  worse  than  expected.  Table  5.2  illus¬ 
trates  the  decision  rule  for  when  to  switch.  In  the  illustration,  we  as¬ 
sume  that  the  launch  program  manager  would  switch  when  there  is  a 
5  percent  or  less  chance  that  the  commercial  reliability  is  as  good  as 
or  better  than  originally  expected.  In  the  table,  we  have  made  an 
adjustment  to  the  decision  rule,  namely,  that  one  will  never  switch 
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Table  5.2 — continued 
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when  the  number  of  failures  is  two  or  less.^  Therefore,  one  will  not 
switch  if  both  the  first  and  second  launches  fail.  In  the  table,  the  val¬ 
ues  of  R  in  the  top  row  show  the  commercial  reliability  that  the 
launch  manager  expected.  The  first  entry  shows  the  number  of  fail¬ 
ures  (out  of  N  launches)  at  or  above  which  the  manager  will  switch. 
The  second  entry  (in  parentheses)  shows  the  probability  that  the 
number  of  launch  failures  is  equal  to  or  exceeds  the  indicated  num¬ 
ber  (the  first  entry)  when  the  commercial  reliability  is  at  the  expected 
value.  R.  For  example,  the  expected  commercial  reliability  is  90  per¬ 
cent.  If  there  are  three  or  more  failures  out  of  eight  launches,  the 
manager  will  switch  because  the  probability  for  the  commercial  reli¬ 
ability  to  be  90  percent  is  only  3.8  percent  or  less. 

It  is  reasonable  for  a  launch  manager  to  expect  the  commercial 
launch  reliability  to  be  90  percent  or  better.  The  current  commercial 
launch  record,  although  it  is  short,  has  such  reliabilities.  Here,  we 
assume  the  expected  commercial  reliability  to  be  90  percent.^  The 
manager  might  give  up  on  commercial  launches  when  there  are 
three  launch  failures  in  eight  or  fewer  launches,  four  failures  in  9  to 
14  launches,  or  five  failures  in  25  to  20  launches.  MOiaf  are  the  losses 
in  such  a  switching  strategy? 

The  monetary  loss  and  mission  delay  will  depend  on  when  the  Air 
Force  gives  up  on  CXs.  The  launch  schedule  as  specified  in  the  MLV- 
3  RFP  allows  two  additional  launches  per  year.  Thus,  if  there  are  one 
or  two  launch  failures  in  a  year,  the  launch  flexibility  in  the  launch 
contract  can  make  up  for  the  time  delay  resulting  from  failure  inves¬ 
tigation  and  corrective  actions.  A  very  bad  situation  is  three  failures 
in  a  row  just  before  switching  from  CL,  when  the  likelihood  of  CL  re¬ 
liability  to  be  at  or  above  90  percent  falls  below  5  percent.  That  w'ill 
cause  about  a  year  of  delay  for  failure  investigation.'*  In  addition,  it 


^During  the  initial  few  launches,  even  two  failures  could  indicate  that  the  reliability  is 
unlikely  to  be  high,  for  example,  say  one  was  expecting  the  commercial  launch  relia¬ 
bility  to  be  90  percent.  If  both  of  the  first  two  launches  failed,  the  probability  for  the 
commercial  reliability  to  be  90  percent  or  higher  would  be  1  percent  or  lower.  The  .S 
percent  decision  rule  would  call  for  a  switch.  We  feel,  however,  that  failures  during  the 
first  few  launches  could  be  caused  by  the  developmental  nature  of  the  ini  ial  launches. 
The  causes  could  be  quickly  corrected  and  nonrecurring. 

^able  5.2  gives  numbers  for  other  expected  commercial  reliabilities.  If  a  launch 
manager  expected  the  commercial  reliability  to  be  as  high  as  95  percent,  he  might 
switch  at  a  lower  number  of  failures. 

^We  do  not  assume  flying  through  standdown.  The  length  of  delay  is  determined  by 
the  standdown  time  for  failure  investigation  and  corrective  actions — on  average. 
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may  take  another  year  to  stvitch  back  lo  CLLs,  for  a  two  year  delay 
total.  If  the  switch  occurs  early  in  the  launch  program,  some  time 
can  be  made  up  after  switching  by  launching  two  additional  satellites 
a  year.  If  the  switch  occurs  late,  the  delay  will  be  close  to  two  years. ' 
Figure  5.1  shows  that  the  monetary  loss  ranges  from  $100  to  S180 
million  if  the  Air  Force  purcha.ses  insurance  only  on  launchers.  The 
earlier  the  switch  occurs,  the  smaller  the  loss.  This  is  no  surprise  be¬ 
cause.  if  one  has  to  switch,  it  is  better  to  know  it  early  before  many 
launch  failures  have  occurred.  The  worst  case  is  a  loss  of  $180  mil¬ 
lion  and  a  mission  delay  of  two  years. 

Switching  is  not  an  easy  task.  The  Air  Force  might  have  to  terminate 
the  contract  and  reprocure  the  launch  services,  if  if  cannot  come  to 
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No  of  attempted  tauncfies  at  switch 

Figure  5. 1 — Penalty  for  Switching  from  Cl.  to  CLl, 
(GPS-FO  on  MLV-3  and  insurance  on  launchers) 


about  three  to  four  months  per  failure.  Delta  ha.s  had  12  failures  since  1960.  .mil  the 
average  standdown  time  is  2.8  months.  Atlas/Centaur  had  ten  failures  during  IH62- 
1990.  and  the  average  standdown  lime  was  4,1  months.  Harry  Bernstein,  "Siwie 
launch  Systems  Resiliency,"  l>rnceedmKs  of  the  Tuvnty-Hfifi  Sfxtiv  Cwigrra.  Cocoa 
Beach,  l  lorida,  April  26-29.  1988 

'’An  .ilternaiivp  to  swilching  is  to  rake  the  ri.sk  .md  finish  the  launch  program  with  Cl.s. 
This  is  a  viable  opiion  when  only  a  few  launches  are  left. 
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an  equitable  agreement  on  price  and  penalties  with  the  existing 
contractor.  We  have  made  the  switch  relatively  easier  by  assuming 
that  the  Air  Force  launch  program  personnel  will  be  maintained.*’ 
Based  on  the  above  discussion,  we  found  that  switching  under  MLV- 
3  is  at  least  more  practical  than  under  other  launch  programs  where 
the  number  of  launches  is  much  smaller  than  20. 

A  loss  of  up  to  $180  million  is  a  sizable  sum.  but  tolerable.  Since  this 
cost  can  be  considered  the  cost  of  attempting  launch  commercial¬ 
ization,  the  government  should  reimburse  the  Air  Force  for  a  portion, 
if  not  all,  of  the  loss.  On  the  other  hand,  if  the  commercial  reliability 
turns  out  to  be  as  good  as  the  commercial-like  reliability,  the  Air 
Force  can  save  $130  million  if  the  UCSL  is  16  percent  and  $2.S0  mil¬ 
lion  if  the  UCSL  is  28  percent.  An  option  for  the  Air  Force  is  to  pur¬ 
chase  insurance  on  satellites.  The  extra  insurance  fee  would  be  S,50 
million,  which  would  change  the  above  potential  savings  to  S80  and 
$200  million,  respectively.  On  the  other  hand,  if  CLs  fare  as  badly  as 
discussed  above,  the  loss  of  $180  million  will  be  reimbursed  by  the 
insurance  company  or  the  launch  contractor.  The  mission  delay  of 
up  to  two  years  will,  however,  remain. 

Our  analysis  of  MLV-3  indicates  that  it  is  a  very  attractive  and  impor¬ 
tant  candidate  for  commercial  procurement.  If  it  is  procured  com¬ 
mercially,  it  would  give  U.S.  launch  commercialization  a  strong 
boost.  If,  however,  it  is  procured  commercially  and  the  commercial 
launches  turn  out  to  be  much  less  reliable  than  expected,  the  Air 
Force  could  reimpose  government  oversight  without  causing  large 
financial  losses  and  long  mission  delays. 

We  recommend,  therefore,  that  the  MLV-3  RFP  contain  CL  and  CLL 
options  as  well  as  different  contractor  liability  options,  because  the 
Air  Force  will  need  the  pricing  data  to  ascertain  whether  CL  can  have 
cost  savings  and  whether  the  financial  impact  of  launch  failures  can 
be  limited. 


PACE  OF  LAUNCH  COMMERCIALIZATION 

At  one  extreme,  there  have  been  proposals,  such  as  the  Packard  Bill, 
that  supported  immediate  full  launch  commercialization,  with  na- 


^’Wc  did  not  reduce  the  government  cost  for  Cl.s  relative  to  t'.LLs  in  our  calculations. 
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tional  security  exceptions  to  be  certified  by  the  Secretary  of  Defense. 
At  the  other  extreme,  there  are  beliefs  that  even  the  current  level  of 
commercialization  is  too  much  for  DoD,  which  should  revert  to  more 
control  for  launcher  development,  manufacturing,  and  processing. 
If  the  guidelines  discussed  in  this  report  are  followed,  MLV-3  might 
be  procured  commercially  and  so  should  small  launchers  in  general. 

On  the  other  hand,  our  guidelines  do  not  indicate  that  Titan  IV 
launches  are  ready  for  commercialization  yet.  Let  us  elaborate  on 
how  our  four  guidelines  or  questions  apply  to  Titan  IVs.  It  is  rela¬ 
tively  costly  to  keep  a  launcher/ satellite  backup,  because  the  costs  of 
a  Titan  IV  and  its  payload  are  high  and  there  are  only  a  small  number 
of  satellites  for  each  mission  to  spread  the  backup  cost  among.  Our 
break-even  analysis  reflecting  these  concerns  also  shows  commercial 
procurement  for  Titan  IVs  to  be  unattractive  (Figures  4.2  and  4.3). 
There  have  been  only  three  Titan  111  (Titan  IV’s  commercial  counter¬ 
part)  launches,  with  one  failure.  For  many  classified  payloads 
launched  by  Titan  IV,  maximum  satellite  performance  is  a  major 
consideration.  It  could  be  necessary  to  modify  a  launch  vehicle  or  to 
reduce  its  safety  margin  for  best  accommodation  and  capacity.  A 
modification  of  the  launcher  and  a  stretching  of  the  safety  margin 
might  make  the  existing  reliability  record  a  poor  predictor.  A  launch 
delay  could  also  significantly  affect  mission  performance.  For  ex¬ 
ample,  in  a  time  of  crisis  or  war,  a  few  months’  delay  for  adequate 
surveillance  coverage  from  space  could  be  highly  detrimental. 
Finally,  the  small  number  of  satellites  in  each  program  and  their  high 
cost  would  make  the  option  of  switching  back  to  more  government 
oversight  procedures  impractical  and  costly. 

Figure  5.2  shows  that  the  prices  of  U.S.  launchers  are  approximately 
proportional  to  the  launch  capacities  to  geotransfer  orbits.^  Ariane  4 
fells  on  the  same  line.  Unfortunately,  there  is  a  problem  that  pre¬ 
vents  Titan  III  from  being  competitive  with  Ariane.  Although  Titan 
Ill  can  launch  two  geosynchronous  communications  satellites  at  a 
time,  the  difficulties  of  matching  customers’  payloads  and  launch 
schedules  have  led  Martin  Marietta  to  adopt  a  policy  dedicating  one 
Titan  III  launch  to  each  customer.  It  no  longer  matches  payloads  to 


^The  data  for  figure  S2  are  from  Table  2, 1 . 
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the  same  launcher  for  two  customers.®  This  policy,  in  essence,  po¬ 
sitions  Titan  HI  launchers  for  the  much  smaller  market  segment  of 
unusually  large  payloads.  Ariane  5,  beginning  service  by  the  mid- 
1990s,  is  expected  to  include  dual-payload  launches  and  to  have  a 
launch  cost  per  pound  that  is  45  percent  lower  than  the  already 
highly  competitive  Ariane  4.®  Without  government  support  for  cost 
reduction  and  performance  improvement,  Titan  lIls/IVs  may  not  be 
competitive  in  this  lift  class. 

In  theory,  the  United  States  does  not  have  to  be  competitive  in  every 
lift  class.  In  practice,  the  United  States  might  have  to  be  in  the  Ariane 
5  class.  That  Ariane  5  is  planned  for  dual  launches  has  placed  it  in  di¬ 
rect  competition  with  launchers,  such  as  Atlas  and  future  upgraded 
Deltas,  that  have  about  half  of  Ariane  5’s  lift  capability.  Dual 
launches  with  Ariane  5s  could  be  less  expensive  than  single  launches 
with  Atlas  or  Delta  on  a  per-payload  basis.  There  is  every  indication 
that  Arianespace  can  capture  enough  launch  business  to  execute  its 
dual-launch  policy.  Moreover,  the  new  technologies  and  heavy  in¬ 
vestments  ($5  billion)  will  give  Ariane  5s  a  low  recurring  cost. 
Arianespace  has  indicated  that  its  goal  is  to  have  Ariane  5’s  price  per 
pound  of  payload  45  percent  lower  than  that  of  the  current  Ariane  4s, 
which  are  already  quite  competitive  against  the  U.S.  launchers. 
There  will  always  be  a  sizable  market  for  single  launches  because  of 
more  launch  scheduling  flexibility  and  less  chance  of  launch  delays. 
If  the  United  States  wants  to  offer  a  full  product  line  for  typical  com¬ 
mercial  payloads,  it  needs  to  develop  an  Ariane  5-class  vehicle  to  of¬ 
fer  dual  launches  as  well.  There  will  also  be  competition  from  the 
Soviet  Protons  and  Zenits,  which  are  in  the  Ariane  5  and  Titan  111 
class.  We  believe  that  Titan  IVs  are  not  ready  for  commercial  pro¬ 
curement  at  this  time,  but  that,  in  the  longer  term,  the  United  States 
needs  to  have  launchers  competitive  with  Ariane  5s.  These  new 
launchers  might  be  provided  by  taking  advantage  of  the  National 
Launch  System  (NLS),  currently  under  development  and  thus  in  the 


®It  has  been  reported  that  .Martin  Marietta  "has  restricted  its  customer  base  since  the 
first  Titan  3  launch  by  ruling  out  the  pairing  of  satellites."  Daniel ).  Marcus,  "Martin 
Marietta  Ponders  Reviewing  Commercial  Titan."  Space  News,  luly  15-28, 1991,  p.  20. 

®At  one  time,  Japan  considered  developing  H-IID.  an  upgraded  version  of  H-ll.  to  lift 
between  45,000  and  60,000  lb  to  LEOs.  Ariane  5  will  have  a  capacity  of  42,000  lb. 
“Move  over  Ariane  5 , . ,  here  comes  the  H-lID,"  Space  Business  News,  Augu.st  20,  1990. 
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process  of  setting  priorities  and  requirements. We  will  be  more 
specific  in  the  next  chapter. 


lOEstimates  of  launch  cost  reduction  from  the  NLS  or  its  predecessor,  the  Advanced 
launch  Development  Program  (ALDP),  have  varied  widely  over  the  years.  I'he  launch 
cost  per  pound  has  been  estimated  to  be  from  one-tenth  to  one-haif  of  the  current 
cost.  See,  for  example.  Congressional  Budget  Office.  Encouraging  Private  Investment 
in  Space  Activities,  February  1991,  p,  38. 


_ Chapter  Six 

STEPS  TOWARD  STRENGTHENING  THE  COMMERCIAL 

lAUNCH  INDUSTRY 


In  previous  chapters,  we  have  examined  the  launch  procurement  is¬ 
sue.  In  this  chapter,  we  discuss  measures  that  DoD  can  take  to  help 
strengthen  the  commercial  launch  industry  regardless  of  how  DoD's 
launch  contracts  are  procured.  DoD  should  be  interested  in 
strengthening  the  commercial  launch  industry  for  three  reasons. 
First,  DoD  and  national  space  directives  already  instruct  DoD  to  do 
so. '  Second,  a  launch  industry  with  a  strong  commercial  component 
will  probably  charge  a  more  competitive  price  to  DoD  launch  users 
and,  therefore,  will  likely  lower  the  launch  cost  to  the  government  in 
the  long  run.  Third,  a  competitive  launch  industry  will  help  the 
United  States  carry  out  its  foreign  policies,  including  fair  interna¬ 
tional  trade  and  missile  nonproliferation.  Without  a  commercial 
launch  industry,  it  would  be  hard  for  the  United  States  to  argue 
against  foreign  subsidies  while  its  launch  industry  is  solely  depen¬ 
dent  on  the  government  for  survival.  Also.  U.S.  efforts  to  persuade 
other  launch  providers  not  to  export  launch  technologies  and  com¬ 
ponents  might  be  construed  as  a  means  of  protecting  the  noncom¬ 
petitive  U.S.  launch  industry. 


'The  1991  National  .Space  Uunch  Strategy  developed  by  the  National  Space  Council 
and  approved  by  the  Pre.sident  stated  that  "United  States  space  launch  infrastructure, 
including  launch  vehicles  and  supporting  facilities,  should  , . .  encourage,  to  the  max¬ 
imum  extent  feasible,  the  development  and  growth  of  U.S.  private  sector  space  trans¬ 
portation  capabilities  which  can  compete  internationally.”  The  Vice  President’s 
Office.  July  24,  1991. 
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DoD  VERY-HEAVY-LIFT  DEMAND 

In  order  not  to  create  confusion  with  heavy- lift  vehicles,  such  as 
Titan  IV,  we  introduce  a  very-heavy-lift  launch  vehicle  (VHLLV)  class, 
which  is  defined  as  having  a  lift  capability  to  low  earth  orbits  (LEOs) 
of  50,000  lb  or  more.^  We  want  to  study  DoD’s  needs  for  VHLLVs,  as 
opposed  to  the  heavy-lift  launch  vehicles  (HLLVs),  currently  served 
by  Titan  IVs,  and  the  medium-lift  launch  vehicles  (MLLVs),  served  by 
Delta  117925s  and  Atlas  Ils.  This  classification,  however,  does  not  rule 
out  the  possibility  that  a  single  family  of  launch  vehicles  can  serve 
multiple  lift  classes.  In  fact,  that  was  the  goal  of  the  National  Launch 
System  (NLS).^  To  determine  whether  a  single  family  can  serve  the 
needs  of  both  the  Air  Force  and  NASA,  we  will  have  to  understand 
their  requirements  first. 

The  most  significant  change  in  DoD  launch  demand  in  the  last  sev¬ 
eral  years  has  been  in  the  VHLLV  class.  Early  Strategic  Defense 
Initiative  (SDI)  architectures  contained  very  heavy  spacecraft  carry¬ 
ing  neutral  particle  beams  and  lasers  or  relay  mirrors  for  ground- 
based  lasers.  The  shift  in  missile  threats  from  the  former  Soviet 
Union  to  threats  from  hostile  developing  nations  has  not  decreased 
the  likelihood  of  deploying  space-based  ballistic  missile  defenses. 
The  Brilliant  Pebbles  technologies  and  their  adoption  by  the 
Strategic  Defense  Initiative  Organization  (SDIO),  however,  greatly 
lower  the  projected  DoD  demand  for  VHLLVs.  After  eliminating 
these  heavy  SDI  platforms,  we  found  that  most  DoD  payloads  pro¬ 
jected  for  the  next  20  or  30  years  can  be  delivered  by  Titan  IVs  with 
SRMUs.  Thus,  if  the  SRMU  program  can  be  successfully  completed,'* 
DoD’s  demand  for  VHLLVs  could  be  very  low.  Here  lies  the  key 
difference  between  DoD’s  and  NASA’s  launch  requirements.  NASA 


^Currently,  the  largest  expendable  launch  vehicle.  Titan  rv  without  the  Solid  Rocket 
Motor  Upgrade  (SRMU),  can  lift  39,000  lb  to  LEOs.  while  one  with  the  SRMU  could  lift 
49,000  lb.  In  comparison,  the  shuttle  has  a  lift  capacity  of  51,000  lb. 

'This  study  was  conducted  before  the  Nlii  program  was  canceled. 

■*  1  he  design  problems  and  explo.sions  of  the  SRMU  have  caused  some  legislators  to 
propose  cancellation  of  the  program.  Martin  Faga,  former  Air  Force  Assistant 
Secretary  for  Space,  said  the  composite -cased  SRMU  was  needed  to  launch  four  DoD 
and  two  NASA  payloads.  He  also  said  that  all  four  DoD  payloads  could  be  launched  on 
Titan  IVs  with  the  current  steel-cased  motors,  if  one  was  willing  to  make  cuts  in  ca¬ 
pability  and  some  redesign  of  the  spacecraft.  “Exon  grills  Air  Force  on  launch  plans," 
Military  Space.  May  6, 1991,  p.  3, 


Steps  Toward  Strengthening  the  Commercial  1-aunch  Industry  95 


believes  that  VHLLVs  can  lower  the  cost  of  launching  many  payloads 
for  its  space  station  and  Space  Exploration  Initiative  (SEI)  and  other 
programs.  NASA  requires  a  vehicle  that  can  lift  150,000  lb  or  more  to 
low  earth  orbits.  In  fact,  General  Tom  Stafford’s  Synthesis  Group,  an 
intra-agency  panel  charged  with  assessing  alternate  SEI 
architectures,  called  for  a  launch  vehicle  with  a  minimum  capacity  of 
330,000  lb  and  a  designed  growth  to  550,000  Ib.^  On  the  other  hand, 
the  Air  Force  said  it  needs  a  VHLLV  capable  of  delivering  50,000  lb  to 
LEOs  by  the  year  2000 — essentially  as  a  replacement  for  Titan  IV.® 
This  large  difference  in  the  lift  requirements  between  NASA  and  the 
Air  Force  calls  for  serious  compromises  in  optimization  of  the  engine 
and  other  designs  for  the  joint  effort  to  develop  a  single  family  of 
launch  vehicles.  Not  long  ago,  NASA  favored  a  shuttle-derived  vehi¬ 
cle  (SDV),  which  would  have  a  lower  development  cost  ($4  to  $10  bil¬ 
lion)  and  be  available  sooner  (7  to  10  years).^  The  Synthesis  Group 
went  a  step  further.  It  recommended  using  the  old  F- 1  engines  from 
the  Saturn  5  on  the  first  stage.  Saturn  5  was  the  giant  booster  used  in 
the  successful  Apollo  expeditions  to  the  moon  during  1967-1972.  On 
the  other  hand,  the  Air  Force  aims  fora  new- technology,  new-design 
vehicle  that  would  have  a  much  higher  potential  for  launch  cost 
reduction  and  responsiveness  improvement,  in  spite  of  a  higher 
development  cost  ($1(>-$15  billion)  and  a  longer  development  period 
(10-15  years). 

With  a  tight  defense  budget  for  the  foreseeable  future,  a  single  family 
of  launchers  may  be  desirable.  Can  it,  however,  satisfy  both  NASA 
and  DoD?  If  so,  which  launcher  design  should  the  United  States  pur¬ 
sue?  The  most  important  element  of  what  NASA  and  DoD  have 
agreed  on  thus  far  is  their  selection  of  the  Space  Transportation  Main 
Engine  (STME)  for  joint  development  under  the  NLS  program.®  Still, 
NASA  remains  committed  to  further  development  of  the  existing 
shuttle  main  engine  as  a  design  option  for  several  years,  in  case  the 


®“New  launcher  can't  blast  past  Beltway."  Sptwe  Business  News.  June  24. 1991,  p,  10. 
^''Struggles  to  draw  heavy  lifter  continue,"  Space  Business  News,  February  4, 1991,  p,  7. 

^D.  Isbell  and  A.  Lawler,  "NASA,  U.S.  Air  Force  Contemplate  Merger  of  l.auncher 
Concepts,"  Space  News,  December  17-23, 1990,  p.  3. 

®),R,  Thompson,  NASA  Deputy  Administrator,  said  that  whereas  the  shuttle  main  en¬ 
gine  costs  $40  million  a  copy,  an  expendable  STME  must  cost  on  the  order  of  $5  mil¬ 
lion  to  $10  million  a  copy,  “Struggies  to  draw  heavy  lifter  continue,"  Space  Business 
News,  February  4, 1991 ,  p,  8. 
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STME  encounters  development  problems.®  NASA  is  also  continuing 
work  on  the  Saturn  engine.'®  Thus,  although  DoD  and  NASA  are 
working  hard  to  make  their  joint  development  of  an  NLS  a  success, 
they  also  recognize  the  possibility  that  a  single  family  of  launch  ve¬ 
hicles  might  not  meet  their  different  needs. 

While  the  National  Space  Council  remains  committed  to  supporting 
the  development  of  a  new  generation  of  launch  vehicles,  it  decided 
not  to  select  a  specific  plan  for  the  NLS  until  1993.  Mark  Albrecht, 
the  council's  former  executive  secretary,  has  said  that  there  are  sev¬ 
eral  goals  for  the  NLS,  among  them  “contributing  to  the  long  term 
competitiveness  of  the  commercial  launch  industry."  Our  observa¬ 
tions  now  follow. 

First,  since  commercial  competitiveness  is  a  key  goal,  the  technolo¬ 
gies  and  innovations  useful  for  VHLLVs  and  HLLVs  should  also  be 
readily  applicable  to  reducing  the  cost  of  launch  vehicles  in  the  most 
commercially  relevant  range — from  10,000  to  50,000  lb  into  LEOs  or 
2000  to  10,000  lb  into  geosynchronous  orbits  (GSOs)." 

Second,  there  are  some  likely  vehicle  design  choices.  A  modular 
family  of  launch  vehicles  based  on  the  Advanced  Launch  Develop¬ 
ment  Program  (ALDP)  is  one  choice.  The  number  of  engines  and 
stages  can  be  altered  to  lift  10,000  to  500,000  lb  payloads  into  LEOs. 
Another  choice  would  be  a  modular  family  that  could  lift  a  much 
narrower  range  of  10,000  to  50,000  lb  into  orbit.  It  would  cover  most 
of  the  needs  for  commercial  and  DoD  users,  as  well  as  NASA’s 
lighter-lift  needs.  NASA’s  very-heavy-lift  needs  could  be  served  by 
upgrades  of  old  engines  and  vehicles,  such  as  those  recommended 
by  the  Synthesis  Group.  As  discussed  above,  the  cost  and  time  of  up¬ 
grading  could  be  much  lower  and  shorter  than  those  of  developing  a 
new  engine  and  vehicle.  The  third  choice  is  development  of  the 
shuttle-derived  vehicle  family.  It  is,  however,  difficult  to  see  how  the 
SDV  family  could  play  a  role,  because  a  parallel  program  would  have 


®Doug!as  Isbell,  "NASA-Air  Force  Panel  Settles  on  AI.DP  Design,  Debates 
Management."  Space  News,  February  18-24. 1991,  p.  21. 

'0"National  launch  System  Garners  Support."  Military  Space,  December  16,  1991, 
p.6. 

' '  See  Table  2. 1  for  the  LEO  delivery  capabilities  of  various  current  and  planned  launch 
vehicles. 
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to  be  conducted  to  develop  a  low-cost  commercial  launch  vehicle 
family  and,  perhaps,  some  quicker-response  military  launch  vehi¬ 
cles.'-  It  is  unlikely  that  the  United  States  can  afford  two  develop¬ 
ment  programs;  $4-$10  billion  for  the  SDV  family  and  perhaps  an¬ 
other  $10  billion  for  a  low-cost,  quicker-response  launch  vehicle.’-' 

Third,  the  United  States  should  consider  the  desirability  and  feasi¬ 
bility  of  international  cooperation  in  VHLLV  development.  There 
could  be  significant  cost  and  technology  sharing.  VHLLV  is  particu¬ 
larly  suitable  for  an  international  joint  venture  for  several  reasons. 

•  VHLLVs  will  mainly  serve  scientific  space  exploration,  as  op¬ 
posed  to  commercial  or  military  purposes.  Since  there  will  be  so 
few  commercial  payloads  for  VHLLVs,  we  need  not  worry  how  a 
joint  venture  would  affect  future  U.S,  competition  in  VTlLLVs. 
We  may,  however,  be  concerned  about  those  VHLLV  technology 
flows  that  would  benefit  foreign  launch  providers’  lighter,  com¬ 
mercial  launchers.  One  way  to  reduce  such  flows  is  for  the 
United  States,  without  foreign  participation,  to  develop  a  new 
family  of  launch  vehicles  optimized  for  the  most  commercially 
relevant  range,  10,000  to  50,000  lb.  As  discussed  above,  vehicles 
in  the  same  range  can  also  handle  most  U.S.  military  payloads. 
The  United  States  will  then  invite  foreign  partners  for  the 
development  of  another  family  of  launch  vehicles  optimized  for  a 
range  above  50,000  lb.  This  way,  larger  engines  and  other  com¬ 
ponents  optimized  for  VHLLVs  might  not  be  economically  effi¬ 
cient  for  lighter  launchers.  Moreover,  this  arrangement  resolves 
our  major  concern  that  there  might  be  no  new  launch  vehicles  in 
the  10,000  to  30,000  lb  range.  This  concern  will  be  discussed  in 
the  next  section. 


'•^In  his  evaluation  of  launch  vehicle  combinations  to  meet  U.S.  space  traffic  needs 
between  1990  and  2010,  Scott  Pace  found  that  combinations,  including  Sbuttle-C  (a 
.shuttle-derived  unmanned  vehicle,  C  for  cargo),  tend  to  be  more  expensive  than 
combinations  without  Shuttle-C.  f/.S.  Access  to  Space:  iMinch  Vehicle  Choices  for 
1990-2010,  RAND.  R-3820-AP.  March  1990. 

’■'An  SDV  family  could  serve  a  role  in  a  situation  that  requires  (a)  that  the  United 
States  decide  to  seek  foreign  partners  for  joint  development  of  a  family  of  VHU.Vs,  (b) 
that  such  partners  were  found,  and  (c)  that  shuttle-derived  technologies  were  chosen 
for  the  basic  design.  We  will  discuss  the  feasibility  of  international  development  in  our 
next  observation. 
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•  A  few  future  U.S.  military  payloads  might  have  to  be  launched  by 
VHLLVs,  but  a  joint  development  does  not  preclude  the  United 
States  possessing  tome  of  those  VHLLVs. 

•  It  would  indeed  be  more  conservative,  even  with  the  demise  of 
the  Soviet  Union,  to  have  the  joint  venture  among  Western  na¬ 
tions.  One  should,  however,  consider  the  inclusion  of  the  CIS. 
They  already  have  the  Energia,  which  can  deliver  220.000  Ib  into 
LEOs,  Thus,  the  United  States  does  not  have  to  be  concerned 
that  a  joint  venture  will  open  the  door  for  the  CIS  to  obtain 
VHLLVs.  In  the  case  of  VHLLV  development,  cost  sharing  might 
outweigh  the  risk  of  transferring  technologies  to  the  former 
Soviet  Union. 


IMPROVING  EXISTING  LAUNCHERS  AND  THE  LAUNCH 
INFRASTRUCTURE 

There  is  a  consensus  among  launch  planners  that  the  National 
Launch  System  program  should  include  the  improvement  (but  not 
necessarily  the  replacement)  of  existing  and  planned  launchers  in 
what  we  have  described  as  the  most  commercially  relevant  (MCR) 
range — 10,000  to  50,000  lb  into  LEOs  or  2000  to  10,000  lb  into  GSOs. 
The  differences  among  NLS  planners  are  in  the  priorities  assigned  to 
the  developmental  activities  most  relevant  to  launchers  in  this  range. 
Since  the  NLS  development  plan  is  still  evolving,  it  is  timely  to  exam¬ 
ine  how  high  such  a  priority  should  be.  First,  it  is  clear  that  the 
commercial  launch  industry  will  benefit  much  more  from  the  im¬ 
provement  of  existing  launch  vehicles  and  the  development  of  a  new 
family  of  launch  vehicle  in  the  MCR  range  than  those  in  the  VHLL\’s 
(above  50,000  lb  to  LEOs),  Second,  even  DoD  is  more  likely  to  benefit 
economically  from  lower  cost  launchers  in  the  MCR  range  than  from 
the  availability  of  VHLLVs,  because  most  DoD  payloads  will  continue 
to  be  in  the  MCR  range.  This  is  particularly  true  if  the  historic  trend 
of  increasing  the  performance  and  weight  of  military  satellites  is  re¬ 
versing.  At  the  least,  the  trend  seems  to  be  flattening,  if  not  plainly 
reversed. 

The  Air  Force  has  envisioned  that  the  technologies  and  processes  de¬ 
veloped  under  the  NLS  program  can  be  applied  to  existing  launchers, 
thus  reducing  their  launch  costs  by  almost  one-third.  Full  cost  re- 
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duction  by  an  order  of  magnitude  would,  however,  require  redesigt) 
of  the  basic  manufacturing  and  processing  of  the  launch  vehicles  and 
their  infrastructure.'^  Moreover,  many  Nt.S  technologies  can  be 
applied  to  existing  launchers  by  the  mid-19fl0s,  whereas  a  neu’  fatnilv 
of  launch  vehicles  in  the  30,000-100,000  ih  range  (i.e..  Titan  IV  class 
and  above  or  HLLVs  and  VMLLVs)  can  be  introduced  with  an  Ittiiial 
Operational  Capability  in  ten  years  or  so.  .Mthough  Colonel  Roger  '!  . 
Colgrove  of  the  U.S.  Air  Force  Space  Systems  Division  also  men¬ 
tioned  the  "option  to  develop  a  medium  class  derivative."  there- 
seems  to  be  less  consensus  among  Air  Force  and  NASA  planners  to 
develop  a  new  or  extended  family  of  launch  vehicles  in  the  10,(100- 
30,000  lb  range  because  it  is  harder  to  optimize  an  engine  that  spans 
the  wider  range  from  10,000  lb  to  100,000  lb. 

We  found  that  the  cost  savings  estimated  by  the  launch  indusiry  are 
consistent  with  those  of  the  Air  Force."'  CO.VIS  T.AC  estimated  ih;it 
new  component  technologies  and  preplanned  product  improve¬ 
ments  {P3!)  can  reduce  launch  cost  in  existing  launchers  h\  over  25 
percent.  These  savings  will  come  from  improvements  in  propulsion 
and  fluid  systems,  avionics,  advanced  structures,  production,  and 
launch  operations.  Moreover,  these  savings  can  be  realized  in  e.visi- 
ing  launchers  by  1998  and  will  allow  the  U.S.  launch  industry  to 
compete  effectively  until  2005  or  perhaps  even  2010.  After  that,  a 
new  family  of  vehicles  will  be  needed  to  compete  with  foreign  launch 
providers.  Our  recommendations  follow. 

First,  with  Ariane  5  coming  into  service  by  the  mid-1990.s  and  diming 
for  a  cost  per  pound  45  percent  lower  than  the  already  highly  com 
petitive  Ariane  4,  we  consider  that  the  aggressive  and  optimistic 


* '(  (iliinol  Keger  I  .  (lolgrove.  "Space  launch  Koailmap:  .A  Sp.icc  System',  Division 
IVrspectivc."  .November  IWHO  (cjuoietl  in  SfKuv  .N’cic.v,  Oi  iober  Zb  -November  1.  I'Dii, 
p  I). 

’  ’.Vt  one  time,  senior  Air  Korce  space  officials  emlorseU  the  Oevelopmcni  ot  j  IdiniK  of 
lien'  vehicles  in  tl le  .'!(), OOt!  to  1  JO.OOO  lb  lift  range,  but  were  not  willing  lo  r;iiil  the  1  > 
billion  needed  from  other  programs,  such  as  the  Nl.S  Vincent  Kiernan.  Air  !  orce 
Seeks  Outside  Support  for  New  Hoosters,  '  .S'jioce  News.  October  Z't-November  I,  I'ibtl. 

p.  i. 

■'HiOMSTAt.  Innovation  Si  lechnology  Working  t.roup,  l  Y  IWM)  Hiuil  Report,  a  ri>)iiin 
to  the  Commercial  Space  Transprirtalion  Advisory  Committee  tt OMSI  AC),  October 
iH,  igso,  pp.  i;i-}7. 
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schedule  envisioned  by  she  Air  l  orce  and  the  U  S.  launch  indusir\ 
will  have  to  be  met. 

Second,  our  greatest  concern  is  that  the  new  lamil)  o!  launch  vt'hi 
ties  will  only  launch  payloads  down  to  ISO.OOO  lb  into  l.liOs.  Yet  the 
range  of  10,000  to  30.000  lb  represents  some  of  the  most  commer¬ 
cially  relevant  payloads — 2000  to  (iOOO  lb  for  the  most  important 
geosynchronous  orbits.  Therefore,  the  NLS  of  similar  programs 
should  include  the  development  of  new  vehicles  and  the  improve¬ 
ment  of  existing  vehicles  in  this  range. 

Third,  the  largest  cost  component  of  the  .NI.S  program  is  the  devel¬ 
opment  of  a  new  engine.  Although  a  ne.v  engine  is  the  key  to  the 
new  launcher  family  for  both  NAS, A  and  the  Air  lorce,  its  applica¬ 
tions  for  improving  existing  vehicles  are  relaiiveh  much  fewer, 
rortunately,  the  funding  for  technologies  and  processes  most  bene- 
(icial  to  existing  vehicles  would  be  substantially  less  than  for  the  new 
engine.  It  would  be  highly  desirable  for  the  .Air  Force/ NASA  loint 
NFS  Program  Office  or  its  successor  to  have  iht"  necessary  funds  to 
assigti  high  priority  both  to  the  new  engine  and  to  technologies  and 
processes  useful  to  e.xisting  vehjcle.s. 

Fourth,  the  NFS  program  or  its  successor,  as  well  as  other  Air  Foret* 
and  NASA  programs,  is  likely  to  emphasize  improvtunents  useful  to 
many  launcher  types.'-  There  will,  however,  be  improvements 
unique  to  a  specific  existing  launcher  type.  We  recommend  thtit 
some  funds  be  made  available  to  individual  launch  providers  for  im¬ 
provements  and  even  ’■eplacements  of  (heir  own  launchers  and  facil¬ 
ities.  fhe  funds  could  be  used  to  lengthen  or  upgrade  their  own  solid 
rocket  motors  and  upper  stages,  improve  engine  performancr*.  re¬ 
place  obsolete  processing  equipment,  attd  even  dev'elop  new  engines 
or  vehicles.'''  To  have  a  multiplier  effect,  we  afso  recommend  that 


'  -  A  possible  exctpiion  is  that  the  Air  t-'orco  itiight  emphasi/e  iinprovomonts  uiiipue  to 
I  ilan  IV. 

'  ■'a  perhaps  extreme  example  is  the  Della  Clipper  under  development  at  MeDonnell 
Douglas  It  is  a  single  stage-lo-otbit  vehicle  with  rocket  engines  alone.  !i  a  ms  to  lift 
ZS.OOtJ  lb  into  l,W)s  af  S  ttWorless  per  pound  of  pjylt/aU.  Darid  Webb,  "liujlding  a  Dtt- 
a  for  Space, "  .Spore  lanuary  6-12.  1^92,  p.  IS,  The  point  is  not  that  Mi  Donnell 
Douglas  will  likely  succeed  but  that  such  company-funded  launch  projects  sltiuiid  bi> 
encouraged. 
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the  government  require  the  recipients  to  match  the  grants  with  their 
own  funds.  I'he  matching  ratio  remains  to  be  specihed. 

f  ifth,  it  is  well  recognized  that  the  U.S.  launch  facilities  are  in  dire 
need  of  repair  and  upgrade.''’  We  agree  with  the  findings  of  the 
Hastern  Space  and  Mission  Center  (fiSMCj  that  the  United  Slates 
"cannot  afford  to  process,  launch  atid  track  vehicles  and  payloads 
built  with  the  tec.hnologies  of  the  2lsf  century  using  instruments, 
facilities  and  methods  developed  50  years  ago."-"  Moreover.  .Xir 
I'orce  officials  estimated  that  the  repair  and  improvement  of  the  .Xir 
force  launch  facilities  at  Cape  Canaveral  could  cost  as  much  as  SI 
billion  over  the  next  decade.-'  Since  these  facilities  arc  used  by  the 
civil  and  commercial  sectors  as  well,  the  cost  should  not  come  solely 
from  the  .Xir  force  budget. 


DIRECT  OR  INDIRECT  FEDERALSUBSIDIES 

fhe  National  Space  t’olicy  Directive  of  September  1990  staled  that 
"U.S.  Ciovernment  Agencies  will  actively  consider  commercial  space 
launch  needs  and  factor  them  into  their  decisions  on  improvements 
in  launch  infrastructure  and  launch  vehicles  aimed  at  reducing  cost, 
and  increasing  responsiveness  and  reliability  of  space  launch  vehi¬ 
cles."  On  the  other  hand,  the  U.S.  National  Space  Policy  released  in 
November  1989  and  the  U.S.  Commercial  Space  Policy  Guidelines 
released  in  Pebruary  1991  both  stated  that  "the  United  States  will 
pursue  its  commercial  space  objectives  without  the  use  of  direct 
federal  subsidies,"  Current  U.S.  space  planners  might  not  see  po¬ 
tential  conflicts  between  these  two  objectives,  perhaps  because  Ihey 
believe  that  a  distinction  between  direct  and  indirect  subsidies  can 
be  made.  In  fact,  the  issue  of  direct  subsidy  led  the  Bush 
Administralion  to  reject  a  plai;  for  providing  money  to  states  to  im- 


'''Si’f.  for  I'xatnpU'.  ZOO.S,  which  describes  what  Kasiern  Space  and  Missifm 

(  enier  planners  consider  the  launch  tacihty  requirements  by  the  yetir  2005  and  be- 
yotKl  .Also,  the  AIA  Heporl  to  .Samuel  K  Skinner,  ( xmimerciai  Si>nce  Uiunch 
InfrtL'itnu  lure:  An  fniiiisrry  f’ersfmnir.  September  195)0. 

"t  tiward  H  Kolcum,  "Cape  (  anaveral  Planners  Seek  Input  on  SweepinK  l  aunch 
(  htinKes,"  AiHalion  Week  &  Space  lechnoloi^-,  March  IH.  15)91,  p.  150. 

-''Vincent  Kiernan.  "Al-  launrh  Pad  Work  Needed  in  15)5)fls,'  SiHtce  News.  Soveniber 
2f>-no(-einber  2.  1990.  p  1. 
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prove  or  build  commercial  space  facilities.^‘  We  believe  ihai  the 
wording  of  "vvithoui  the  use  of  direct  Federal  subsidies"  should  be 
deemphasized.  because  the  distinction  is  artificial.  Subsidies  are 
subsidies,  regardless  of  whether  they  are  direct  or  indirect.  Foreign 
governments  pay  for  the  development  of  their  launchers  and  their 
subsidies  cannot  be  considered  as  merely  indirect.  The  debates  on 
direct  or  indirect  subsidies  can  divert  attention  from  the  key  issue — 
whether  the  proposed  subsidies  are  beneficial  to  the  United  States,  A 
justification  for  subsidies  can  be  based  on  the  simple  fact  that  launch 
industries  in  all  countries  have  long  been  subsidized  by  their  gov¬ 
ernments.  The  United  States  should  not  be  the  sole  exception.  The 
United  States  should,  however,  be  willing  to  work  with  other  coun 
tries  to  reduce  and  eventually  eliminate  subsidies,  especially  if  space 
launches  are  to  be  essentially  commercialized. 

In  any  case,  there  is  one  situation  in  which  the  U.S.  government  will 
always  indirectly  help  the  U.S.  launch  industr>'.  That  situation  is 
when  the  U.S.  government  has  unique  launch  requirements  that  per¬ 
tain  to  national  security.  Quick  launch  responsiveness  is  one  exam¬ 
ple.  The  launch  industry  would  not  make  such  an  investment  on  its 
own  for  its  commercial  customers,  because  they  do  not  need  quick 
launches  in  a  matter  of  days  and,  in  any  case,  would  not  be  willing  to 
pay  much  for  them.  DoD  needs  to  fund  the  infrastructure  improve¬ 
ments  for  the  quick  launches  it  needs. 

The  processing  time  prior  to  on-pad  assembly  and  integration  can  be 
shortened  drastically  by  stocking  and  even  pretesting  satellites  and 
launcher  stages  at  the  launch  sites.  The  current  bottleneck  for  quick 
launch  is  the  long  on-pad  time.  The  planned  on-pad  times  for  Titan 
IV,  Atlas  II,  and  Delta  II  are  about  110,  83,  and  53  calendar  days,  re¬ 
spectively.  These  times  are  too  unresponsive  for  most  contingencies. 
Since  Delta  already  has  the  shortest  on-pad  time  among  the  three 
launch  types  and  is  equipped  with  the  most  substantial  off-pad  fa¬ 
cilities  to  off-load  further  on-pad  processing,  it  has  the  greatest  po¬ 
tential  to  become  a  responsive  vehicle.  Future  on-pad  times  as  short 
as  14  days  seem  quite  feasible.^*  The  on- pad  times  for  Atlas  and 


“'^Andrew  lawler,  "Plan  to  Fund  Commercial  l.aunch  Site  Work  Stalls  in  Senate," 
Space  News,  August  19-25.  1991.  p,  7. 

^^Kobert  S.  Fine,  "IJelta  and  MJS:  Toward  Efficient  l.aunch  Operation!!,"  McDonnell 
Douglas  Space  Systems  Company,  Cape  Canaveral  Air  Force  Station.  Florida 
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Titan  can  also  be  reduced  considerably. The  techniques  used  by 
the  three  launch  providers  to  shorten  the  on-pad  time  will  include 
performing  more  tests  off-pad,  streamlining  on-pad  test  procedures, 
and  running  tasks  in  parallel.  If  DoD  wants  a  rapid  launch  capability 
for  medium,  as  opposed  to  small,  satellites  for  emergencies,  it  has  to 
provide  the  funding,  since  commercial  customers  do  not  have  a 
strong  need  for  such  quick  launches.  This  is  not  to  say  that  respon¬ 
siveness  improvements  would  not  benefit  the  commercial  launch 
industry.  They  would. 


Iprfsented  at  iho  tainfereiieeol  .American  Instinneot  Aeronautics  and  .Astronautics  on 
March  21,  19911. 

“■*See,  tor  example.  It.  1.  Moberly.  "Spaceport  l  lorida  Infrastrui  lure  Impioveinenl 
Study."  mid-term  briefing.  I'ebriiaiy  14.  1991.  (Scneral  Dynamics  space  Sysicms 
Division,  i  he  study  set  a  goal  ot  reducing  the  .Atlas/Ceniaur  launcher  on-pad  lime  by 
..ihoul  a  .uird- 


4S^ 


Chapter  Seven 

FINDINGS  AND  RECOMMENDATIONS 


Our  findings  and  recommendations  are  grouped  into  DoD  space 
launch  procurement  and  DoD  steps  to  strengthen  U.S.  launch  com- 
pciitiveness. 

DoD  SPACE  LAUNCH  PROCUREMENT 


Procurement  Classification  and  Reliability  Record 

We  classified  launch  procurement  contracts  into  three  types:  gov¬ 
ernment  (GL),  commercial-like  (CLL),  and  commercial  (CL).  There  is 
a  view  that  GLs  are  preferable,  because  CLs  or  even  CLLs  are  not  as 
reliable.  We,  however,  found  that  the  launch  data  do  not  show,  with 
high  confidence,  that  different  launch  procurement  types  necessarily 
have  different  reliabilities. 


Encouraging  Commercialization  by  Reducing  a  Manager’s 
Worries 

Many  DoD  satellite  and  launch  managers  do  not  wi.sh  to  reduce  gov¬ 
ernment  oversight  by  using  CLs,  thus  slowing  the  pace  of  launch 
commercialization.  We  propose  that,  whenever  the  DoD  makes  a 
comparative  analysis  to  select  a  procurement  type,  the  CL  procure¬ 
ment  option  include  a  satellite/laiincher  backup  at  the  launch  site  to 
reduce  delay  from  a  launch  failure.  If  a  CL  procurement,  including 
the  backup  cost,  is  still  cheaper  than  a  GL  or  CLL  without  a  backup, 
CL  should  be  considered.  If  a  backup  were  found  unnecessary,  a  CL 
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procurement  would  be  even  cheaper.  Also,  we  recommend  that  DoD 
consider  systematically  the  inclusion  of  launch  insurance  on  launch¬ 
ers  and  satellites  in  the  launch  contract. 

Deletion  of  Undesirable  Contract  Features 

The  use  of  two  prices,  target  and  ceiling,  in  MLV-1  and  -2  has  forced 
the  government  to  monitor  costs  and  the  contractor  to  provide  cost 
data  and  to  explain  cost  variances.  Had  a  contract  with  a  single  fixed 
price  been  used,  cost  monitoring  would  have  been  unnecessary,  be¬ 
cause  the  government  would  pay  the  same  price  regardless  of  actual 
cost.  Another  cost-saving  measure  would  be  progress  payments 
based  on  the  passage  of  time  instead  of  the  portion  of  work  accom¬ 
plished.  Finally,  the  typical  price  certification  clause,  which  is  meant 
to  let  the  government  benefit  from  future  lower  prices  charged  to 
other  customers,  might  preclude  a  contractor  from  meeting  the 
competition  by  lowering  the  price. 

A  Model  to  Help  Decide  Whether  to  Go  Commercial 

We  developed  a  model  for  selecting  a  launch  procurement  typ°. 
Applying  the  model  to  existing  launch  programs,  we  found  that  our 
results  are  consistent  with  the  Air  Force's  in  not  using  CLL  or  CL  to 
procure  Titan  IVs.  The  Air  Force  used  a  CLL  procurement  for  MLV- 1 . 
In  retrospect,  our  model  results  suggest  that  the  Air  Force  could  have 
saved  money  by  using  a  CL.  On  the  other  hand,  the  lack  of  a  CL 
record  in  1987  made  the  choice  of  a  CLL  procurement  for  MLV-1  rea¬ 
sonable  at  that  time.  Our  analytical  results  are  consistent  with  the 
Air  Force’s  CLL  procurement  for  MLV-2  and  the  Navy’s  CL  procure¬ 
ment  for  UHF  Follow-ons. 

Factors  for  Deciding  Whether  to  Go  Commercial 

DoD  can  use  the  following  set  of  questions  to  evaluate  whether  a 
particular  DoD  launch  program  should  be  procured  commercially 
(CL  instead  of  CLL  and  GL): 

•  Does  the  procurement  selection  model  indicate  a  favorable 
break-even  point  for  commercial  launches? 
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•  Do  launch  vehicles  need  to  be  modified? 

•  How  seriously  will  launch  delay  affect  the  timeliness  and  qualily 
of  mission  performance? 

•  If  one  decided  to  use  commercial  launches,  would  it  be  feasible 
and  inexpensive  to  switch  to  CLLs  or  GLs  if  necessary  ?  If  so.  what 
is  the  penalty'  at  any  given  switch  point? 


Recommending  That  Commercial  Procurement  Be  Included 
as  an  Option  in  MLV-3  RFP 

The  Air  Force  has  incorporated  many  commercial  features  into  Ml.V- 
1  and  -2  and  is  planning  to  procure  the  important,  upcoming  MLV-3 
for  launching  20  GPS  Follow-on  satellites  in  a  similar  way — CLL.  The 
Air  Force  could,  however,  better  encourage  commercialization  by- 
procuring  MLV-3  commercially  (CL)  while  incurring  only  a  limited 
risk.  Short  of  recommending  CLs  for  MLV-3  outright,  we  suggest  that 
the  MLV-3  RFP  contain  CL  and  CLL  options  as  well  as  various 
contractor  liability  options,  because  the  Air  Force  will  need  pricing 
data  to  ascertain  whether  CL  can  have  cost  savings  and  whether  the 
financial  impact  of  launch  failures  can  be  limited. 


Pace  of  Launch  Commercialization 

We  consider  an  evolutionary  approach  to  space  launch  commercial¬ 
ization  to  be  both  feasible  and  desirable.  Regardless  of  the  pace, 
there  should  always  be  room  for  a  few  launches  to  be  procured  dif¬ 
ferently.  There  is  already  a  consensus  that  small  launchers  can  be 
procured  commercially.  We  now  recommend  that  commercial  pro¬ 
curement  be  considered  for  MLV-3.  Titan  IVs,  on  the  other  hand, 
are  not  yet  ready  for  commercial  procurement.  Whether  they  should 
be  commercially  procured  in  the  future  depends  on  the  commercial 
reliability  record  of  Titan  Ills  and  on  how  well  the  commercialization 
of  medium-lift  launchers,  such  as  Deltas  and  .Atlases,  fares. 
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DoD  STEPS  TO  STRENGTHEN  U.S.  IJVUNCH 
COMPETITIVENESS 


A  Justification  for  Subsidies 

The  statement  that  “the  United  States  will  pursue  its  commercial 
space  objectives  without  the  use  of  direct  Federal  subsidies."  both  in 
the  November  1989  National  Space  Policy  and  the  February  1991 
Commercial  Space  Policy  Guidelines,  should  be  deemphasized  in 
future  directives.  The  distinction  between  direct  and  indirect  subsi¬ 
dies  is  artificial.  The  debates  on  direct  or  indirect  subsidies  can  di¬ 
vert  the  attention  from  the  key  issue — whether  the  proposed  subsi¬ 
dies  are  beneficial  to  the  United  States  A  justification  for  subsidies 
can  be  based  on  the  fact  that  launch  industries  in  all  countries  have 
long  been  subsidized  by  their  governments.  The  United  States 
should  not  be  the  sole  exception.  The  United  States  should,  how¬ 
ever,  be  willing  to  work  with  other  countries  to  reduce  and  eventually 
eliminate  launch  subsidies. 

Changes  in  DoD  Launch  Demand 

Without  the  heavy  SD!  platforms  anticipated  in  the  past,  the  DoD's 
demand  for  VHLLVs  (above  50,000  lb  of  payload  to  LEDs)  could  be 
low,  whereas  NASA's  would  be  much  higher.  This  key  difference  re¬ 
quires  significant  compromise  in  optimization  of  the  engine  and 
other  design  considerations  for  a  joint  Air  Force/NASA  launch  pro¬ 
gram. 

Launch  Developmental  Program  Must  Cover  Medium- Lift 
Vehicles  (10,000-30,000  lb  to  LEOs) 

We  consider  that  the  most  commercially  relevant  (MCR)  range  is  the 
capability  to  lift  10,000  to  50,000  lb  of  payload  into  LEOs  or  2000  to 
10.000  lb  into  GSOs.  Our  greatest  concern  is  that  any  new  NLS-type 
family  of  vehicles  might  have  a  lower  capacity  bound  at  30,000  lb  for 
LEOs  or  6000  lb  to  GSOs  and  thus  miss  a  significant  portion  of  the 
MCR  range.  Without  government  financial  and  other  supports  to 
improve  and  eventually  replace  vehicles  in  the  MCR  range,  the  U.S. 
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commercial  launch  industry  will  suffer  greatly  and  possibly  disap¬ 
pear,  as  competition  is  intensified  by  foreign,  low-price  launch 
providers  and  heavily  subsidized  newer  launchers. 

Government  Support  Needed  to  Compete  in  Commercial 
Heavy- Lift  Vehicles  (30,000-50,000  lb  to  LEOs) 

Although  Titan  Ill  c<iii  launch  two  geosynchronous  communications 
satellites  at  a  time,  Martin  Marietta  no  longer  matches  payloads  to 
the  same  launcher  for  two  different  customers.  This  policy,  in 
essence,  positions  Titan  Ill  launchers  for  a  much  smaller  market 
segment  of  unusually  large  payloads.  Ariane  5,  beginning  service  by 
the  mid- 1990s,  is  expected  to  include  dual-payload  launches  and  to 
have  a  launch  cost  per  pound  that  is  45  percent  lower  than  the  al¬ 
ready  highly  competitive  Ariane  4.  With  government  support  for  cost 
reduction  and  performance  improvement  in  existing  vehicles,  the 
U.S.  launch  industry  believes  it  can  be  competitive  with  Ariane  5 
until  2005,  perhaps  to  2010.  We  believe  that  the  long-term  solution  is 
the  early  development  of  new  vehicles  in  this  30,000-50,000-lb  lift 
class. 

Foreign  Partners  for  Joint  Development  in  Very- Heavy- Lift 
Launch  Vehicles  (Above  50,000  Ib  to  LEOs) 

This  lift  class  is  particularly  suitable  for  an  international  joint  devel¬ 
opment.  Cost  sharing  in  VHLLV  development  might  leave  adequate 
funds  for  the  development  of  a  new  family  of  launch  vehicles  in  the 
important  MCR  lift  range  (10,000  to  50,000  lb).  The  United  States 
should  actively  seek  foreign  participation  in  a  VHLLV  venture. 


Matching  Funds  for  Improvements  in  Existing  Vehicles 

The  NLS  program  or  any  successor,  as  well  as  other  Air  Force  and 
NASA  programs,  is  likely  to  emphasize  improvements  useful  to  many 
launcher  types.  There  will,  however,  be  improvements  unique  to  a 
specific  existing  launcher  type.  We  recommend  that  matching  funds 
be  made  available  to  individual  launch  providers  for  improvements 
of  their  own  launchers  and  facilities.  The  matching  ratio  remains  to 
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be  specified.  We  also  agree  with  assessments  that  U.S.  launch  facili¬ 
ties  are  in  dire  need  of  repair  and  upgrade.  Otherwise,  obsolete 
equipment  will  eventually  degrade  launch  reliability,  which  is  a  key 
determinant  in  a  customer’s  decision  in  selecting  a  launch  provider. 


I 


